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Abstract 
 
The aim of this research is to study how to treat the liquid waste 
resulting from a petroleum refinery and to determine the characteristics of 
liquid waste generated. The research identified the sources of wastewater 
pollutants, suitable treatment technologies, and its effect on the environment. 
 Khartoum refinery was considered as a study case, liquid waste 
produced was studied, the unit that used as well as to treat the waste, and the 
evaluation of the performance of these units. Laboratory tests were conducted 
to identify the characteristics of wastes in each stage. The effluent drain to the 
environment was studied and compared with the permissible limits .The 
analysis carried include: oil content, phenol content, power of Hydrogen, 
Biochemical Oxygen Demand, Chemical Oxygen Demand ,Ammonia -
Nitrogen, Sulfide, Dissolved Oxygen ,Ortho-phosphate Content, Suspended 
Solid. 
The results obtained revealed the following: 
• The oil content can reach more than 20.000mg/l and this is more than 
the deign capacity of the treatment unit but it can be reduced to less 
than 10mg/l after treatment. 
• The waste water treatment unit works with capacity more than the 
designed, so the efficiency of this unit is not enough. 
• There is a lot of polluting effluent with concentration more than the 
allowed (i.e. NH3,pH) 
• The above indicates some design problem and the study recommended 
to add additional units to solve the above mentioned problems and 
obstacles.    
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 اﻟﻤﺴﺘﺨﻠﺺ
  
آﻴﻔﻴﺔ ﻣﻌﺎﻟﺠﺔ اﻟﻤﺨﻠﻔﺎت اﻟﺴﺎﺋﻠﺔ اﻟﻨﺎﺗﺠﺔ ﻣﻦ ﻋﻤﻠﻴﺔ ﺗﻜﺮﻳﺮ اﻟﺒﺘﺮول ﺪراﺳﺔ ﻟ هﺬا اﻟﺒﺤﺚ ﻳﻬﺪف
 ﻟﻤﻌﺎﻟﺠﺘﻬﺎ وأﺛﺮهﺬﻩ اﻟﻤﺨﻠﻔﺎت ﺔ وﺗﺤﺪﻳﺪ ﻣﺼﺎدرهﺎ واﻟﻄﺮق اﻟﻤﺴﺘﺨﺪﻣاﻟﻤﺨﻠﻔﺎت اﻟﺴﺎﺋﻠﺔهﺬﻩ ﺧﻮاص و
  .ﻋﻠﻲ اﻟﺒﻴﺌﺔ
 ﺔ اﻟﻨﺎﺗﺠﺔراﺳﺔ ﺧﻮاص اﻟﻤﺨﻠﻔﺎت اﻟﺴﺎﺋ وﺗﻤﺖ دﺔوﻗﺪ أﺧﺬت ﻣﺼﻔﺎة اﻟﺨﺮﻃﻮم آﻤﻨﻄﻘﺔ ﻟﻠﺪراﺳ 
اﻟﺘﺤﺎﻟﻴﻞ اﻟﻤﻌﻤﻠﻴﺔ ﻟﻤﻌﺮﻓﺔ إﺟﺮاء ء ﻟﻬﺬﻩ اﻟﻮﺣﺪات وﺗﻢ ا ﻓﻴﻬﺎ وﺗﻘﻴﻴﻢ اﻻدﺔﻣﻨﻬﺎ وآﺬﻟﻚ اﻟﻮﺣﺪات اﻟﻤﺴﺘﺨﺪﻣ
ﺼﺮﻳﻔﻬﺎ ﻓﻲ ﻠﻤﺨﻠﻔﺎت ﻓﻲ آﻞ ﻣﺮﺣﻠﺔ ﻣﻦ ﻣﺮاﺣﻞ اﻟﻮﺣﺪﻩ و اﻟﻤﺨﻠﻔﺎت اﻟﺨﺎرﺟﺔ ﻣﻨﻬﺎ واﻟﺘﻲ ﻳﺘﻢ ﺗﻟاﻟﺨﻮاص  
ﻣﺆﺷﺮات آﻴﻤﻴﺎﺋﻴﺔ ﻞ ﻋﺪة ﻏﻄﺖ اﻟﺘﺤﺎﻟﻴ  وﻗﺪﺎ اﻟﻤﺴﻤﻮح ﺑﻬاﻟﺤﺪود  ﻣﻊﺎتﺮﺟﺨﻤ وﻣﻘﺎرﻧﺔ اﻟاﻟﺒﻴﺌﻪ اﻟﻤﺠﺎورة
اﻟﺤﻮﺟﺔ ، ﻪ ﻣﻦ اﻻوآﺴﺠﻴﻦ اﻟﻤﺴﺘﻨﺰفاﻟﺤﻮﺟ ،اﻟﺮﻗﻢ اﻟﻬﻴﺪروﺟﻴﻨﻰ،اﻟﻔﻴﻨﻮل، ﻣﺤﺘﻮي اﻟﺰﻳﺖ:ﺗﺸﺘﻤﻞ
  .واﻟﻤﻮاد اﻟﻌﺎﻟﻘﻪ اﻟﺼﻠﺒﺔ، اﻟﻔﻮﺳﻔﻴﺖ،اﻷوآﺴﺠﻴﻦ اﻟﺬاﺋﺐ،اﻟﻜﺒﺮﻳﺘﻴﺪ، اﻻﻣﻮﻧﻴﺎ، اﻟﻜﻴﻤﻴﺎﺋﻴﺔ ﻟﻼوآﺴﺠﻴﻦ
   -: إﻟﻲ أنأوﺿﺤﺖ ﻧﺘﺎﺋﺞ اﻟﺪراﺳﺔ وﻗﺪ 
وذﻟﻚ أآﺒﺮ ﻣﻦ اﻟﻄﺎﻗﻪ اﻟﺘﺼﻤﻴﻤﻴﻪ ﻟﻠﻮﺣﺪﻩ 2000.0 l/gmﻗﺪ ﻳﺼﻞ اﻟﻰ أآﺜﺮ ﻣﺤﺘﻮي اﻟﺰﻳﺖ  •
ﻳﺠﻌﻠﻪ ﻣﻄﺎﺑﻘﺎ ﻟﻠﻤﻮاﺻﻔﺎت  ﺑﻌﺪ اﻟﻤﻌﺎﻟﺠﺔ وذﻟﻚ ﻣﻤﺎ01 l/gmوﻟﻜﻨﻪ ﻳﻨﺨﻔﺾ اﻟﻰ اﻗﻞ ﻣﻦ 
  . ﺑﻬﺎاﻟﻘﻴﺎﺳﻴﻪ اﻟﻤﺴﻤﻮح
هﻨﺎﻟﻚ اﻟﻌﺪﻳﺪ ﻣﻦ اﻟﻤﻠﻮﺛﺎت اﻟﺘﻰ ﺗﺨﺮج ﻣﻦ وﺣﺪة اﻟﻤﻌﺎﻟﺠﺔ ﺑﺘﺮآﻴﺰ اآﺜﺮ ﻣﻦ اﻟﻤﺴﻤﻮح ﺑﻪ ﻣﺜﻞ  •
 . واﻟﺮﻗﻢ اﻟﻬﻴﺪروﺟﻴﻨﻰاﻻﻣﻮﻧﻴﺎ 
  .اﻟﻤﺤﻄﺔ ﺗﻌﻤﻞ ﺑﻄﺎﻗﻪ أآﺒﺮ ﻣﻦ ﻃﺎﻗﺘﻬﺎ اﻟﺘﺼﻤﻴﻤﻴﺔ وﺑﺎﻟﺘﺎﻟﻰ آﻔﺎءة اﻟﻤﺤﻄﺔ ﻟﻴﺴﺖ ﺟﻴﺪة •
ﻦ ﻣﻦ ﺗﺠﺎوز وﻣﻦ ﻣﺎ ﺗﻮﺻﻠﺖ إﻟﻴﻪ اﻟﺪراﺳﺔ ﻣﻦ ﻧﺘﺎﺋﺞ ﻳﻘﺘﺮح إﺿﺎﻓﺔ ﺑﻌﺾ اﻟﻮﺣﺪات اﻟﺘﻰ ُﺗﻤﻜ •
  . اﻟﻤﺸﺎآﻞ واﻟﺴﻠﺒﻴﺎت اﻟﺴﺎﺑﻖ ذآﺮهﺎ
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1. Introduction 1 
1.1 Water Pollution: 2 
Contamination of streams, lakes, underground water, bays, or oceans by substances 3 
is harmful to living things. Water is necessary to life on earth. All organisms contain it; 4 
some live in it; some drink it. Plants and animals require water that is moderately pure, 5 
and they cannot survive if their water is loaded with toxic chemicals or harmful 6 
microorganisms. Water pollution can kill large numbers of fish, birds, and other animals, 7 
in some cases killing all members of a species in an affected area. People who ingest 8 
polluted water can become ill, and, with prolonged exposure, may develop cancers or 9 
bear children with birth defects. 10 
1.1.1 Point and Non Point Source: 11 
According to the American College Dictionary, pollution is defined as: to make 12 
foul or unclean; dirty. Water pollution occurs when a body of water is adversely affected 13 
due to the addition of large amounts of materials to the water. When it is unfit for its 14 
intended use, water is considered polluted. Two types of water pollutants exist; point 15 
source and nonpoint source.   16 
Point sources of pollution occur when harmful substances are emitted directly into a 17 
body of water. The Exxon Valdez oil spill best illustrates a point source water pollution.   18 
A nonpoint source delivers pollutants indirectly through environmental changes. An 19 
example of this type of water pollution is when fertilizer from a field is carried into a 20 
stream by rain, in the form of run-off which in turn effects aquatic life. The technology 21 
exists for point sources of pollution to be monitored and regulated, although political 22 
factors may complicate matters. Nonpoint sources are much more difficult to 23 
control. Pollution arising from nonpoint sources accounts for a majority of the 24 
contaminants in streams and lakes [5].  25 
 26 
 27 
 28 
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1.2 Major Type Of Pollutants: 1 
The major water pollutants are chemical, biological, or physical materials that 2 
degrade water quality. Pollutants can be classed into eight categories, each of which 3 
presents its own set of hazards. 4 
1 - Petroleum Products:  5 
Oil and chemicals derived from 6 petroleum are used for fuel, lubrication, 
plastics manufacturing, and many other 7 purposes. These petroleum products get 
into water mainly by means of accidental 8 spills from ships, tanker trucks, pipelines, 
and leaky underground storage tanks. Many petroleum products are poisonous if ingested 9 
by animals, and spilled oil damages the feathers of birds or the fur of animals, often 10 
causing death. In addition, spilled oil may be contaminated with other harmful 11 
substances, such as polychlorinated biphenyls (PCBs).  12 
2-   Pesticides and Herbicides: 13 
 
Chemicals used to kill unwanted animals and plants, for instance on farms or in 14 
suburban yards, may be collected by rainwater runoff and carried into streams, especially 15 
if these substances are applied too lavishly. Some of these chemicals are biodegradable 16 
and quickly decay into harmless or less harmful forms, while others are no biodegradable 17 
and remain dangerous for a long time. 18 
When animals consume plants that have been treated with certain no biodegradable 19 
chemicals, such as chlordane and dichlorodiphenyltrichloroethane (DDT), these 20 
chemicals are absorbed into the tissues or organs of the animals. When other animals feed 21 
on these contaminated animals, the chemicals are passed up the food chain. With each 22 
step up the food chain, the concentration of the pollutant increases. This process is called 23 
biomagnifications Animals at the top of food chains may, as a result of these chemical 24 
concentrations, suffer cancers, reproductive problems, and death.  25 
Many drinking water supplies are contaminated with pesticides from widespread 26 
agricultural use. Nitrates, a pollutant often derived from fertilizer runoff, can cause 27 
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methemoglobinemia in infants, a potentially lethal form of anemia that is also called blue 1 
baby syndrome. 2 
3-HeavyMetals: 3 
  Heavy metals, such as copper, lead, mercury, and selenium, get into water from 4 
many sources, including industries, automobile exhaust, mines, and even natural soil. 5 
Like pesticides, heavy metals become more concentrated as animals feed on plants and 6 
are consumed in turn by other animals. When they reach high levels in the body, heavy 7 
metals can be immediately poisonous, or can result in long-term health problems similar 8 
to those caused by pesticides and herbicides. 9 
 4 -Hazardous Wastes: 10 
Hazardous wastes are chemical wastes that are either toxic (poisonous), reactive 11 
(capable of producing explosive or toxic gases), corrosive (capable of corroding steel), or 12 
ignitable (flammable). If improperly treated or stored, hazardous wastes can pollute water 13 
supplies. PCBs, a class of chemicals once widely used in electrical equipment such as 14 
transformers, can get into the environment through oil spills and can reach toxic levels as 15 
organisms eat one another. 16 
5-  Excess Organic Matter: 17 
Fertilizers and other nutrients used to promote plant growth on farms and in 18 
gardens may find their way into water. At first, these nutrients encourage the growth of 19 
plants and algae in water. However, when the plant matter and algae die and settle 20 
underwater, microorganisms decompose them. In the process of decomposition, these 21 
microorganisms consume oxygen that is dissolved in the water. Oxygen levels in the 22 
water may drop to such dangerously low levels that oxygen-dependent animals in the 23 
water, such as fish, die. This process of depleting oxygen to deadly levels is called 24 
eutrophication. 25 
6-Sediment: 26 
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Sediment, soil particles carried to a streambed, lake, or ocean, can also be a 1 
pollutant if it is present in large enough amounts. Soil erosion produced by the removal of 2 
soil-trapping trees near waterways, or carried by rainwater and floodwater from 3 
croplands, strip mines, and roads, can damage a stream or lake by introducing too much 4 
nutrient matter. This leads to eutrophication. Sedimentation can also cover streambed 5 
gravel in which many fish, such as salmon and trout, lay their eggs. 6 
7-Infectious Organisms: 7 
Many disease-causing organisms that are present in small numbers in most natural 8 
waters are considered pollutants when found in drinking water. Such parasites as Giardia 9 
lamblia and Cryptosporidium parvum occasionally turn up in urban water supplies. These 10 
parasites can cause illness, especially in people who are very old or very young, and in 11 
people who are already suffering from other diseases. 12 
8-Thermal Pollution: 13 
Water is often drawn from rivers, lakes, or the ocean for use as a coolant in 14 
factories and power plants. The water is usually returned to the source warmer than when 15 
it was taken. Even small temperature changes in a body of water can drive away the fish 16 
and other species that were originally present, and attract other species in place of them. 17 
Thermal pollution can accelerate biological processes in plants and animals or deplete 18 
oxygen levels in water. The result may be fish and other wildlife deaths near the 19 
discharge source. Thermal pollution can also be caused by the removal of trees and 20 
vegetation that shade and cool streams. 21 
1.3 Source of Water Pollution: 22 
The major sources of water pollution can be classified as: 23 
1- Municipal Water: 24 
  pollution consists of waste water from homes and commercial establishments.  For 25 
many years, the main goal of treating municipal wastewater was simply to reduce its 26 
content of suspended solids, oxygen-demanding materials, dissolved inorganic 27 
compounds, and harmful bacteria. In recent years, however, more stress has been placed 28 
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on improving means of disposal of the solid residues from the municipal treatment 1 
processes.  The basic methods of treating municipal wastewater fall into three stages: 2 
primary treatment; secondary treatment, and tertiary treatment. 3 
  The characteristics of industrial waste waters can differ considerably both within 4 
and among industries. The impact of industrial discharges depends not only on their 5 
collective characteristics, such as biochemical oxygen demand and the amount of 6 
suspended solids, but also on their content of specific inorganic and organic substances. 7 
Three options are available in controlling industrial wastewater.  Control can take place at 8 
the point of generation in the plant; wastewater can be pretreated for discharge to 9 
municipal treatment sources; or wastewater can be treated completely at the plant and 10 
either reused or discharged directly into receiving waters. 11 
2- Raw Sewage: 12 
Includes waste from sinks, toilets, and industrial processes. Treatment of the 13 
sewage is required before it can be safely buried, used, or released back into local water 14 
systems. The three general phases of treatment are primary, secondary, and tertiary 15 
3- Agriculture: 16 
Including commercial livestock and poultry farming, is the source of many organic 17 
and inorganic pollutants in surface waters and groundwater.  These contaminants include 18 
both sediment from erosion cropland and compounds of phosphorus and nitrogen that 19 
partly originate in animal wastes and commercial fertilizers.  Animal wastes are high in 20 
oxygen demanding material, nitrogen and phosphorus, and they often harbor pathogenic 21 
organisms.  Wastes from commercial feeders are contained and disposed of on land; their 22 
main threat to natural waters, therefore, is from runoff and leaching.  Control may 23 
involve settling basins for liquids, limited biological treatment in aerobic or anaerobic 24 
lagoons, and a variety of other methods [5]. 25 
1.4 Detection Water Pollution: 26 
Water pollution is detected in laboratories, where small samples of water are 27 
analyzed for different contaminants. Living organisms such as fish can also be used for 28 
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the detection of water pollution. Changes in their behavior or growth show us, that the 1 
water they live in is polluted. Specific properties of these organisms can give information 2 
on the sort of pollution in their environment. 3 
1.5 Regulatory Framework: 4 
In the UK there are common law rights (civil rights) to protect the passage of water 5 
across land unfettered in either quality of quantity. Criminal laws dating back to the 16th 6 
century exercised some control over water pollution but it was not until the River 7 
(Prevention of pollution) Acts 1951 - 1961 were enacted that any systematic control over 8 
water pollution was established. These laws were strengthened and extended in the 9 
Control of Pollution Act 1984 which has since been updated and modified by a series of 10 
further acts. It is a criminal offense to either pollute a lake, river, groundwater or the sea 11 
or to discharge any liquid into such water bodies without proper authority. In England 12 
and Wales such permission can only be issued by the Environment Agency and in 13 
Scotland by SEPA. 14 
In the USA, concern over water pollution resulted in the enactment of state anti-15 
pollution laws in the latter half of the 19th century, and federal legislation enacted in 16 
1899. The Refuse Act of the federal Rivers and Harbors Act of 1899 prohibits the 17 
disposal of any refuse matter from into either the nation's navigable rivers, lakes, streams, 18 
and other navigable bodies of water, or any tributary to such waters, unless one has first 19 
obtained a permit. The Water Pollution Control Act, passed in 1948, gave authority to the 20 
Surgeon General to reduce water pollution. 21 
Growing public awareness and concern for controlling water pollution led to 22 
enactment of the Federal Water Pollution Control Act Amendments of 1972. As amended 23 
in 1977, this law became commonly known as the Clean Water Act. The Act established 24 
the basic mechanisms for regulating contaminant discharge. It established the authority 25 
for the United States Environmental Protection Agency to implement wastewater 26 
standards for industry. The Clean Water Act also continued requirements to set water 27 
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quality standards for all contaminants in surface waters. Further amplification of the Act 1 
continued including the enactment of the Great Lakes Legacy Act of 2002[6].  2 
1.6 Objective of Study:  3 
       The objectives of this work are to:- 4 
1.6.1 General Objective: 5 
      Investigate the technology used for refinery waste water treatment. 6 
1.6.2 Specific Objectives: 7 
• Characterize wastewater generated at the Khartoum refinery. 8 
• Evaluate of the current treatment process performance. 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
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 1 
2. Literature review 2 
2.1 Petroleum Industry: 3 
     The petroleum industry one of the world’s largest industries has four major branches:- 4 
1- The production branch explores for oil and brings it to the surface in oil fields  5 
 2- The transportation branch sends crude oil to refineries and delivers the refined      6 
produce to consumers. 7 
 3- The refining branch process crude oil in to useful product. 8 
 4- The marketing branch sells and distributes the petroleum products to customers [7].  9 
2.1.1 Oil Refining: 10 
After crude oil is separated from natural gas, it is transported to refineries and 11 
processed in to useful product. 12 
Petroleum refineries are complex systems specifically designed based on the desired 13 
products and the properties of the crude oil feedstock. Refineries may range from 14 
medium integrated refineries to fully integrated refineries (or total conversion refineries), 15 
based on the use of different processing units. 16 
The refinery feedstock is crude oil, which is a mixture of hydrocarbon compounds. 17 
The hydrocarbons in crude oil are a mixture of three chemical groups including paraffins 18 
(normal and isoparaffins), naphthenes, and aromatics. The most common distinction 19 
between crude oil types is ‘sweet’ or ‘sour’. Sweet crude oil is normally low in sulfur and 20 
lightly paraffinic. Sour crude oil is usually high in sulfur (more than 0.5 wt percent) and 21 
heavily naphthenic. Crude oils are also classified into light, medium and heavy, 22 
dependent on their content of paraffins, naphthenics, and aromatics [10]. 23 
2.1.2 Petroleum refinery processes: 24 
      The petroleum refining industry converts crude oil into more than 2500 refined 25 
products, including liquefied petroleum gas, gasoline, kerosene, aviation fuel, diesel fuel, 26 
fuel oils, lubricating oils, and feed stocks for the petrochemical industry. Typically, 27 
petroleum refining activities start with receipt of crude oil for storage at the refinery, 28 
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include all petroleum handling and refining operations, and they terminate with storage 1 
prior to shipping the refined products from the refinery. 2 
The petroleum refining industry employs a wide variety of physical and chemical 3 
treatment processes. A refinery processing flow scheme is largely determined by the 4 
composition of the crude oil feedstock and the chosen final petroleum products. Typical 5 
processing and auxiliary units in refineries are presented below [1]: 6 
 1-Separation processes:  7 
    Separation process separated crude oil into some of its fraction; Fractional 8 
distillation, solvent extraction, and crystallization are some of the major separation 9 
process. 10 
a. Atmospheric distillation, b. Vacuum distillation, c. Light ends recovery (gas 11 
processing) 12 
 2-Petroleum conversion processes: 13 
Conversion process convert less useful fraction into those that are in grater demand  14 
Cracking and combining processes belong to the class of conversion processes. Cracking 15 
process include thermal cracking and catalytic cracking. Which convert heavy fractions 16 
into lighter ones? During cracking hydrogenation may be used to further increase the 17 
yield of useful products. Combining processes do the reverse of cracking – they form 18 
more complex fractions from simple gaseous hydrocarbons, the major combining process 19 
include polymerization, alkylation and reforming. 20 
a. Cracking (thermal and catalytic), b. Reforming, c. Alkylation, d. Polymerization  21 
e. Isomerization,  f. Coking  g. Visbreaking. 22 
 3-Petroleum treating processes 23 
Are used to remove impurities from the fractions. The method of treatment 24 
depends on the type of crude oil and on the intended used of petroleum product. 25 
Treatment with hydrogen is widely used method of removing sulfur compounds. 26 
a. Hydrodesulfurization, b. Hydrotreating, c. Chemical sweetening, d. Acid gas removal   27 
e. Deasphalting. 28 
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 1 
  4-Blending : 2 
Blending with other products or additives may be carried out to achieve certain 3 
special properties. 4 
  5-Feedstock and product handling: 5 
         a. Storage, b. Blending, c. Loading, d. Unloading 6 
  6- Auxiliary facilities: 7 
        a. Boilers, b. Wastewater treatment, c. Hydrogen production 8 
       d. Sulfur recovery plant 9 
        Appendix (B.1): overall flow diagram for a generalized refinery production. 10 
2.1.3 Petroleum Products:  11 
      The products obtained from petroleum can conveniently be divided into four groups. 12 
These are:-  13 
(Group I) Fuels:  14 
This group includes liquefied hydrocarbon gases, fuels for carburetor engines 15 
(gasoline), fuels for jet (kerosene) and for turbojet engines, diesel fuels, boiler fuels etc.  16 
Liquefied hydrocarbon gases mainly consist of propane and butane along with small 17 
quantities of propylene and butylenes.  18 
(Group II) Lubricating oils:  19 
This group includes various lubricating oils, paraffin’s, ceresins and petroleum.  20 
(Group III) Miscellaneous petroleum products:  21 
This group includes plastic greases, bitumen’s, coke etc.  22 
(Group IV) Chemical and petrochemical products:  23 
This group includes hydrocarbons of various classes which serve as starting 24 
products for organic and petrochemical synthesis [10]. 25 
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Table (2.1): Processes of petroleum refinery and their products [10]:  
Process name 
 
Action 
 
Method
 
Purpose 
 
Feedstock(s) 
 
Product(s) 
 
FRACTIONATION PROCESSES 
Atmospheric distillation Separation Thermal Separate fractions Desalted crude oil Gas, gas oil, distillate, 
residual 
Vacuum distillation Separation Thermal Separate w/o cracking Atmospheric tower 
residual 
Gas oil, lube stock, 
residual 
CONVERSION PROCESSED—DECOMPOSITION 
Catalytic cracking Alteration Catalytic Upgrade gasoline Gas oil, coke distillate Gasoline, 
petrochemical 
feedstock 
Coking Polymerize Thermal Convert vacuum 
residuals 
Gas oil, coke distillate Gasoline, 
petrochemical 
feedstock 
Hydro-cracking Hydrogenate Catalytic Convert to lighter 
HC's 
Gas oil, cracked oil, 
residual 
Lighter, higher-quality 
products 
*Hydrogen steam 
reforming 
Decompose Thermal/ 
catalytic 
Produce hydrogen Desulfurized gas, O2, 
steam 
Hydrogen, CO, CO2 
*Steam cracking Decompose Thermal Crack large molecules Atm tower hvy fuel/ 
distillate 
Cracked naphtha, 
coke, residual 
Visbreaking Decompose Thermal reduce viscosity Atmospheric tower 
residual 
Distillate, tar 
CONVERSION PROCESSES—UNIFICATION 
Alkylation Combining Catalytic Unite olefins & 
isoparaffins 
Tower isobutane/ 
cracker olefin 
Iso-octane (alkylate) 
Grease compounding Combining Thermal Combine soaps & oils Lube oil, fatty acid, 
alky metal 
Lubricating grease 
Polymerizing Polymerize Catalytic Unite 2 or more 
olefins 
Cracker olefins High-octane naphtha, 
petrochemical stocks 
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CONVERSION PROCESSES--ALTERATION OR REARRANGEMENT 
Catalytic reforming Alteration/ 
dehydration 
Catalytic Upgrade low-octane 
naphtha 
Coker/ hydro-cracker 
naphtha 
High oct. Reformate/ 
aromatic 
Isomerization Rearrange Catalytic Convert straight chain 
to branch 
Butane, pentane, 
hexane 
Isobutane/ pentane/ 
hexane 
TREATMENT PROCESSES 
*Amine treating Treatment Absorption Remove acidic 
contaminants 
Sour gas, HCs w/CO2 
& H2S 
Acid free gases & 
liquid HCs 
Desalting Dehydration Absorption Remove contaminants Crude oil Desalted crude oil 
Drying & sweetening Treatment Abspt/ 
therm 
Remove H2O & sulfur 
cmpds 
Liq Hcs, LPG, alky 
feedstk 
Sweet & dry 
hydrocarbons 
*Furfural extraction Solvent extr. Absorption Upgrade mid distillate 
& lubes 
Cycle oils & lube 
feed-stocks 
High quality diesel & 
lube oil 
Hydrodesulfurization Treatment Catalytic Remove sulfur, 
contaminants 
High-sulfur residual/ 
gas oil 
Desulfurized olefins 
Hydrotreating Hydrogenation Catalytic Remove impurities, 
saturate HC's 
Residuals, cracked 
HC's 
Cracker feed, 
distillate, lube 
*Phenol extraction Solvent extr. Abspt/ 
therm 
Improve visc. index, 
color 
Lube oil base stocks  High quality lube oils 
Solvent deasphalting Treatment Absorption Remove asphalt Vac. tower residual, 
propane 
Heavy lube oil, asphalt 
Solvent dewaxing Treatment Cool/ filter Remove wax from 
lube stocks 
Vac. tower lube oils  Dewaxed lube 
basestock 
Solvent extraction Solvent extr. Abspt/ 
precip. 
Separate unsat. Oils Gas oil, reformate, 
distillate 
High-octane gasoline 
Sweetening Treatment Catalytic Remv H2S, convert 
mercaptan 
Untreated 
distillate/gasoline 
High-quality 
distillate/gasoline 
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2.2 Water pollution by petroleum industry: 
The main pollutants from petroleum product are hydro carbons which due to their 
inherent properties have the peculiarity of being increasing noxious as they disperse. 
Although a dense surface discharge may look spectacular it can be relatively easily 
(except at sea) while paradoxically, along-standing discharge which has had time to 
become emulsified is ultimately more harmful  
Oil removal must, accordingly include both collection system and treatment processes 
ensuring the finely dispersed hydrocarbons. 
2.2.1 Nature of pollution: 
This pollution is not solely composed of hydrocarbons and a distinction should be made 
between mineral and organic pollution  
1-Mineral pollution: 
A-suspended solid, sand, clays, pitch, corrosion products, catalyst, carbon black, 
sulphur . 
B-dissolved solid, salts, Cl .Na .sulfide, cyanides, ammonia ,sulphites, thiosulphate ,and 
rarely fluorides ,heavy metals (Cu ,Mg, Cr). 
2-Organic pollution composed of: 
A-mainly hydrocarbons present under one of the following forms: 
The hydrocarbons present in refinery wastewater can exist in one or more of 
Several conditions. These are shown below, arranged generally in order of difficulty of 
removal  
i- Free oil - large droplets or sheets that rise freely to the surface. This oil is easily 
removed in simple gravity separators. 
ii- Mechanically dispersed oil - fine droplets ranging in size from a few microns up 
to a few millimeters. The oil found in droplets is usually the result of some mechanical 
mixing of oil and water such as is found in pumping or in turbulent flow through a 
pipe. The oil droplets can be found in a "bell curve" of droplet sizes with some small, 
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some large and a predominance of average size droplets. The average size will vary 
dependent on the amount of mixing the two liquids have undergone as well as the 
presence or absence of emulsion causing surfactant chemicals. These dispersions may 
be removed by the use of an enhanced gravity system. 
iii- Chemically stabilized emulsions - droplet dispersions similar to mechanically 
dispersed oil, but with droplets stabilized by surface-active agents (surfactants). More 
surfactants or more mixing will cause a smaller average droplet size. The average 
droplet size is important because many separation devices are designed to capture 
droplets by gravity or enhanced gravity separation and if the average droplet size is 
smaller, the separator will have to be larger and consequently more expensive. 
iv-Oil adhering to solid particles. Can be removed by filtration or by enhanced 
gravity separation if the combined specific gravity is different from the water. 
v- Dissolved oil - either truly dissolved oil or finely dispersed droplets so small(less 
than 5 microns) that removal by normal physical means is impossible. Dissolved oil 
must be removed by biological treatment, absorbents, distillation, or other non-gravity 
means. In a refinery wastewater stream, the majority of the oil will be present as either 
free oil or mechanical dispersions of oil 1. These may be treated readily by enhanced 
gravity systems for removal of the hydrocarbons. Most hydrocarbon removal systems 
depend on gravity or enhanced gravity separation, taking advantage of the buoyancy 
of the droplets. The rising of hydrocarbon droplets in a separator is governed by 
Stokes's Law. This function, simply stated is shown in the following equation: 
 
Where:  
Vp = droplet settling velocity, cm/sec. 
G = gravitational constant, 980 cm/sec2 
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µ= absolute viscosity of continuous fluid (water), poise. 
dp = density of particle (droplet), gm/cm3 
dc = density of continuous fluid, gm/cm3 
D = diameter of particle, cm 
From the above equation, it may be seen that the important variables are the viscosity of 
the water, the difference in specific gravity of the water and hydrocarbons, and the 
hydrocarbon droplet size. After these are known, the droplet rise velocity and therefore 
the size of separator that is required may be calculated. Stokes's Law is only valid for 
spherical particles or droplets and only in a laminar flow range [9][1]. 
B-miscellaneous exogenous compounds: 
 -Phenol 
-Sulphuric acids 
-Aldeyde , alcohol, ketones 
-Detergents   
C-sulphur compounds: 
-Mercaptans 
-Dissulphides 
-Thiophene 
-Thiocyanates  
2.2.2 Main source of pollution during petroleum industry:- 
The pollution sources related to petroleum industry are listed below: 
The three source of pollution in petroleum industry originate: 
1-At the production: 
These are sludge from cuttings and formation water. 
2-During transportation: 
Let's not mention illicit oil discharges at sea the accidents, usually transportation 
operation provide tow source of pollution: 
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i-Ballast water 
ii-Tanker cleaning water  
3-During refinery  
There are two or three type of effluents:-  
(i) Oily water: 
Also called rain water from various cleaning operation, from the open cooling circuit an 
and rain falling on: 
• Paved area 
• Storage retention tanks. 
• Loading units 
• Pumping facilities. 
Recycling the cooling water: whether it be design or required, provides lower volume 
discharge than open cooling circuit. 
Generally, the oily water are polluted by mechanically emulsified effluent and suspended 
solids; they should not contain sulfides 
(ii) Storm waters: 
In tropical area countries, abundant rainfalls on the above mentioned area sometimes 
provides 500-3000m3/hr flow rate to be treated thus implying a significant –over sizing of 
the treatment plant. 
In temperature countries, these rainfalls happen rarely and providing 1-8m3 of water .this 
water collected in storm basins and sent to moderately sized treatment line [9]. 
(iii) Process water: 
Different types of wastes are also produced during the refinery operation, which 
essentially include gas, liquids and solids of varying composition and quantities. Large 
volumes of water are employed in refining processes, especially for cooling systems, 
distillation, hydrotreating, and desalting. Tank drains, equipment flushing, surface water 
runoff and sanitary wastewaters are also generated. It is therefore clear that refinery 
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wastewater can be broadly categorized as process or non process wastewater. In most 
modern refineries, these different wastewaters are channeled in separate sewer systems. 
At least two different independent sewers exist in most petroleum refineries: one that 
handles storm water and surface runoff and another that handles all process water and 
water produced from utilities units. However, in most efficient refineries, process water 
sewers are usually split in more than one sewer depending on the nature of wastewater, 
thus reducing the load on the wastewater treatment plants, increasing the efficiency of 
each treatment unit and broadening the possibilities of wastewater reuse in different 
refining units. Clearly, there is no universal approach to handling and treating refinery 
wastewater streams. 
The quantity of wastewaters generated and their characteristics depend on the 
process configuration. As a general guide, approximately 3.5–5(m3) of wastewater per 
ton of crude are generated when cooling water is recycled. Refineries generate polluted 
wastewaters, containing biochemical oxygen demand(BOD)and chemical oxygen 
demand (COD) levels of approximately 150–250 milligrams per liter (mg/l) and 300–600 
mg/l, respectively; phenol levels of 20–200 mg/l; oil levels of 100–300 mg/l in desalter 
water and up to 5,000 mg/l in tank bottoms; benzene levels of 1–100 mg/l; 
benzo(a)pyrene levels of less than 1 to 100 mg/l; heavy metals levels of 0.1–100 mg/l for 
chrome and 0.2–10 mg/l for lead; and other pollutants. 
Refineries also generate solid wastes and sludges (ranging from 3 to 5 kg per ton of crude 
processed), 80% of which may be considered hazardous because of the presence of toxic 
organics and heavy metals [10]. 
Given the complex and diverse nature of refinery wastewater pollutants, a 
combination of treatment methods is often the norm before discharge. Therefore 
separation of wastewater streams, such as storm water, cooling water, process water, 
sanitary, sewage, etc., is essential for minimizing treatment requirements. 
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Main waste from petroleum industry: 
Table (2.2): Main wastewater from petroleum industry [2]. 
ORIGN DESIGNATION VOLUME 
IN  OF 
CRUDE 
HYDROCARBONS 
COCENTRATION IN 
WATER 
OTHER POLLUTION 
Production Formation water 0 TO 6 m3 500 TO 2000 mg/l NaCl  
sand,clay,surfactants 
transportation Ballast water 25 to30% Prior to storage after 
storage average:50-
80mg/l paraffin waxes 
accidentally 500-
1000mg/l 
NaCl  sand, sometimes 
detergents sulphurous 
compounds 
Desalter 5% 50-150mg/l light 
emulsified 
hydrocarbons 
NaCl possible S-- 
,phenols 
Catalytic cracking 6% 50-100mg/l S-, RSH,NH3,F
- 
Steam cracking  50-100mg/l phenol ,NH3, S
-,oxygen 
compound 
Rain waters  50-100mg/ Sand 
Deconcentration  
boilers and coolers 
 Very low Salinity phosphates 
inhibitors 
Condensates from 
atoms distillation 
stripping 
2 to2.5% 50-100mg/l phenol ,NH3 
Refinery 
Condensates from 
vacuum distillate 
injector stripping 
dilution 
1 to1.5% 100-150mg/l phenol ,NH3 
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2.2.3 Sources of wastewater during the refinery process: 
The type and quantity of wastes produced however, depends mainly upon the 
following factors: 
  1-The nature of composition of the crude oil processed and other input materials used in   
the refining processes. 
  2-The capacity of the refinery and type of processes employed. 
  3-Age of the refinery and the production efficiency. 
  4-Control measure used to reduce the generation of wastes [2]. 
1- Crude oil and product storage:  
Crude oil and intermediate and finished are stored in tanks of varying size. Waste 
water pollutants associated with storage of crude oil and product are mainly free oil, 
emulsified oil , and suspended solid in the crude oil separate . This waste is high in COD 
level and to lesser extent BOD , bottom sludge is removed at infrequent intervals waste 
also result from leaks, spill salt filter (used for product drying) and tank cleaning . 
Intermediate storage is frequently the source of polysulfide – bearing and iron sulfide 
suspended solid. Finish product storage can produce high BOD, alkaline waste water tank 
cleaning can Contribute large amount of oil, COD, and SS and a minor amount of BOD. 
2-Ballast water storage: 
Tanks that ship intermediate and final products discharge ballast water. Ballast water 
have organic contaminations that range from water soluble alcohol to residual fuels 
brackish water and sediments are also present , contributing high COD and dissolved 
solids loads to refinery waste water .  
3-Crude desalting: 
Desalting and dewatering of crude oil upstream of the crude distillation unit is a key 
process operation for the removal of undesirable components from crude oil before it 
reaches any of the major unit operations. 
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The continuous  waste water stream from desalter contains emulsified oil (occasionally 
free oil) Ammonia, phenol, sulfides and suspended solids all of which produce a 
relatively high BOD and COD concentration finally, its temperature often exceed 95oC 
Thus is a potential thermal  pollutants. 
4- Crude oil fractionation: 
  Fractionation is basic refining process for separating crude petroleum into 
intermediate fractions of specified boiling point range. The various sub process include 
pre fractionation, vacuum fractionation and three – stage crude distillation .Waste water 
from crude oil fractionation comes from three sources : 
The first source is the water drawn off from overhead accumulators prior to recirculation 
or transfer of hydrocarbons to other fractionators, this source of sulfides and ammonia 
especially when sour crudes are being processed, it also contains significant amount of 
oil, chloride mercaptans, and phenol. 
The second waste source is discharge from oil sampling line, this should be separable, 
but it may form emulsions in the sewer. 
A third waste source is very stable oil emulsions formed in the barometric condensers 
used to create the reduced pressure in the vacuum distillation units however when 
barometric condensers are replaced with surface condensers are replaced with surface 
condenser emulsion do not develop. 
5- Thermal cracking: 
Thermal cracking can include visbreaking and coking, in addition to regular 
cracking. In each of these operations heavy gas oil fractions are broken down into lower 
molecular weight fraction such as domestic heating oil, catalytic cracking stock and other 
fractions by heating. The major source of waste water in thermal cracking is the overhead 
accumulator on the fractionators, where the water is separated from the hydrocarbons 
vapour and send to the sewer system. 
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This water usually contains various oil and fractions and may be have high in BOD, COD 
ammonia, phenol, sulfides and alkalinity. 
6- Catalytic cracking : 
Catalytic cracking, like thermal cracking, breaks heavy fractions .The used of 
catalyst permits operations at low temperatures and pressure than with the thermal 
cracking. 
Catalytic cracking units are one of the largest source of sour and phenolic waste water in 
a refinery .Pollutants come from the steam strippers and overhead accumulators on 
fractionators, the major pollutants resulting from catalytic cracking operation are oil 
sulfides, phenols, cyanides, and ammonia. These pollutants produce an alkaline waste 
water with high BOD and COD concentration sulfide and phenol concentration in the 
waste water vary with the type crude oil being processed, but at times are significant. 
Regeneration of spend catalyst in the steam stripper may produce enough carbon 
monoxide and fine catalyst particles to constitute an air pollution problem. 
7- Hydrocracking : 
This process is basically catalytic cracking in the presence of hydrogen with lower 
temperatures and higher pressure than FCC.  
This water is probably high in sulfides and may contain significant quantities of phenol 
and ammonia. 
8- Polymerization: 
Polymerization unit convert olefin feed stocks into higher octane polymers 
polymerization is rather dirty process in terms of pounds of pollutants per barrel of 
charge. But because of the small polymerization capacity in most refineries the total 
waste production from the process is small – even though the process makes use of acid 
catalysts the waste is alkaline because the acid catalysts in most sub process is recycle 
and any remaining acid is removed by caustic washing . 
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9- Alkylation : 
Alkylation is the reaction of an isoparaffin and an olefin in the presence of catalyst 
at carefully controlled temperature and pressure to produce a high – octane alkylate for 
use as gasoil blending component. Propane and butane are also produced. 
The major discharges from sulfuric acid , acid alkylation are spent caustics from the 
neutralization of hydrocarbon stream leaving the alkylation reactor, this waste contain 
dissolved and suspended solid ,sulfides, oil, and other contaminations but is not major 
source of waste . 
Most refineries process the waste sulfuric acid stream from the reactor to recover clean 
acids, use it to neutralize other waste streams or sell it .The major source of waste 
material are the overhead accumulators on the fraction. 
10- Isomerization: 
 Isomerization is a process technique for converting light gasoline stocks into their 
higher octane isomers. 
No major pollutants discharges problems sulfides and ammonia are not likely to be 
present in the effluent should also be low in phenolics and oxygen demand. 
11- Reforming: 
Reforming converts low octane naphtha, heavy gasoline and naphthene – rich 
stocks to high octane gasoline blending stock. 
Reforming is relatively clean process, the waste water is alkaline and the major pollutants 
is sulfide from the overhead accumulator on the stripping tower in addition to sulfides it 
contains small amounts of ammonia mercaptans and oil. 
12- Solvent refining: 
The major solvent refining processes include solvent deasphalting, solvent 
dewaxing, lube oil solvent refining, aromatic extraction, and butadienc extraction. 
Oil and solvent are the major waste water constituents. 
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13- Hydrotreating: 
Hydrotreating processes are used to saturate olefins and to remove sulfur and 
nitrogen compounds, odor, color, gum forming materials, and others by catalytic action in 
the presence of hydrogen , ammonia and sulfides are the primary contaminants, but 
phenols may also be present if the feed stock boiling range is sufficiently high . 
14- Grease manufacturing: 
Only small volumes of waste water are discharged from a grease manufacturing 
process. 
The largest waste loading occurs when the batch units are washed. 
15- Asphalt production: 
Waste water from asphalt blowing contains high concentration of oil and has high 
oxygen demand. Small quantities of phenol may also be present. 
16- Drying and sweeting : 
It is a broad class of processes used to remove sulfur compounds, water and other. 
Impurities from gasoline, kerosene, jet fuels, domestic heating oil and other middle 
distillate products sweetening is the removal of hydrogen sulfide, mercaptans, and 
thiophenes. Drying is accomplished by salt filters or absorptive day beds. 
The most common waste stream from drying and sweetening operation is spent caustic, 
these spent causations have very high BOD and COD . 
17-Lube oil finishing: 
    Solvent-refined and dewaxed lube oil stocks can be further refined by clay or acid 
treatment to remove color-forming and other undesirable materials. 
Acid treatment produces acid-bearing wastes, the waste stream are also high in dissolved 
and suspended solid, sulfates, sulfonates and stable oil emulsions. Clay treatment results 
in only small quantities of waste water being discharged to the sewer. Clay, free oil and 
emulsified oil are the major waste constituents. 
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18-Blending and packaging: 
  Blending is the final step in producing finished petroleum products to meet quality 
specifications and market demands, this is relatively clean processes. 
The primary source of waste material is from the washing of rail road tank cars or tankers 
prior to load finished product, these wash waters are high in emulsified oil. 
 
19-Hydrogen manufacture: 
The most widely used process for the manufacture of hydrogen in the refinery is 
steam reforming. 
The hydrogen manufacture process is relatively clean a potential waste source is the 
desulfurization unit. This waste stream contains oil sulphur compounds and phenol. 
 
20-Utility function: 
Utility function such as the supply of steam and cooling water generally are set up 
to service several processes. 
Waste water stream from utility functions include boiler and cooling tower blow downs 
and waste brine and sludge produced by demineralizing and other water treatment 
system. These stream usually contain high dissolved and suspended solids concentration 
and treatment chemical from boiler and cooling tower, the blow down streams also have 
elevated temperatures [7]. 
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2.2.3 Refinery Waste Water: 
The source of waste water generation in petroleum refineries discussed previously. 
Table (2.3) presents a qualitative evaluation by fundamental refinery process [7]. 
 
Table (2.3): Qualitative evaluation of wastewater flow and characteristics by fundamental 
refinery processes: 
Production 
process  
flow BOD COD Phenol sulfide oil Emuls
ified 
oil 
pH Temp ammo
nia 
chlor
ide 
aci
dity 
alkal
inity 
Suspen
ded  
Solid 
Crude oil and 
product storage  
×× × ××× ×  ××× ×× O O O  O  ×× 
Crude desalting ×× ×× ×× × ××× × ××× × ××× ×× ××× O × ××× 
               
Crude distillation ××× × × ×× ××× ×× ××× × ×× ××× × O × × 
Thermal cracking × × × × × ×  ×× ×× × × O ×× × 
Catalytic 
cracking 
××× ×× ×× ××× ××× × × ××× ×× ××× × O ××× × 
Hydrocracking  ×   ×× ××    ×× ××     
Polymerization × × × O × × O × × × × × O × 
Alkylation ×× × × O ×× × O ×× × × ×× ×× O ×× 
Isomerization ×               
Reforming × O O × × × O O × × O O O O 
Solvent 
refining 
×  × × O  × × O   O ×  
Asphalt 
blowing 
××× ××× ××× ×  ×××         
De waxing × ××× ××× × O × O        
Hydro 
treating 
× × ×  ×× O O ××  ×× O O × O 
Drying and 
sweetening  
××× ××× × ×× O O × ×× O × O × × ×× 
 
×××=major contribution; ××=moderate contribution; ×=minor contribution; O=insignificant; 
 Blank=no data 
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2.4 Control and Treatment Technology: 
Petroleum refinery waste waters vary in quantity and quality from refinery to 
refinery. However, the wastes are readily treatable. The results of the industry survey 
indicate, as would be expected, that techniques for in-process control are general across 
the industry and the specific application of these techniques at individual plants 
determines their success. Local factors such as climate, discharge criteria, availability of 
land, or other considerations may dictate the use of different waste water treatment 
processes to reach an acceptable effluent. The survey has shown that although the end-of-
pipe waste water treatment technologies used throughout the petroleum refining industry 
have a marked similarity in operational steps, a considerable variation in treatment results 
exist. The processes used for treating refinery waste water, however, are similar in 
purpose: namely--maximizing oil recovery and minimizing the discharge of other 
pollutants. The wastewater treatment technology described below is generally applicable 
across all industry subcategories. 
2.4.1 In-Plant Control: 
In-plant practices are the sole determinant of the amount of waste water to be 
treated. There are two types of in-plant practices that reduce flow to the treatment plant. 
First, reuse practices involving the use of water from one process in another process. 
Examples of this are: using stripper bottoms for makeup to crude desalters , using blow 
down from high pressure boilers as feed to low pressure boilers and using treated effluent 
as makeup water where ever possible, second  recycle systems that use water more than 
once for the same purpose. Examples of recycle systems are: the use of steam condensate 
as boiler feed water; and cooling towers. The reduction or elimination of a waste stream 
allows the end-of-pipe processes to be smaller, provide better treatment, and be less 
expensive. 
Since no treatment process can achieve 100 percent pollutant removal from the individual 
stream, reduction in flow allows for a smaller pollutant discharge. 
27 
 
2.4.1.1 Housekeeping: 
Another effective in-plant control is good housekeeping. Examples of good 
housekeeping practices are: minimizing waste, when sampling product lines; using 
vacuum trucks or dry cleaning methods to clean up any oil spills: using a good 
maintenance program to keep the refinery as leak proof as possible: and individually 
treating waste streams with special characteristics, such as spent cleaning Solutions. 
The use of dry cleaning, without chemicals, aids in reducing water discharges to 
the sewer. Using vacuum trucks to clean up spills and charging of this recovered material 
to slop oil tanks, reduces the discharge of both oil and water to the waste water system. 
The oil can also be recovered for reprocessing. Process units should be curbed to prevent 
the contamination of clean areas with oily storm runoff and to prevent spills from 
spreading widely. Prompt cleanup of spills will also aid in reducing discharges to the 
sewer systems. Additionally, sewers should be flushed regularly to prevent the buildup of 
material in the sewer, eliminating sudden surges of pollutants during heavy rains. 
Collection vessels should also be provided whenever maintenance is performed on liquid 
processing units, to prevent accidental discharges to the sewers.  
Operations during turnaround present special problems. Wastes generated by cleaning 
tanks and equipment should be collected, rather than draining directly to the sewer. The 
wastes from these holding tanks should be gradually bled to the sewer, after first pre 
treating as necessary to eliminate deleterious effects on the waste water treatment system. 
An alternative method of disposal is through the use of contract carriers.  
While these are not all the examples of good housekeeping practices which can be 
cited for refinery operations, it is evident that housekeeping practices within a refinery 
can have substantial impact on the loads discharge to the waste treatment facilities. The 
application of good housekeeping practices to reduce waste loads requires judicious 
planning, organization and operational philosophy.  
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 2.4.1.2 Process Modification: 
Many of the newer petroleum refining processes are being designed or modified 
with reduction of water use and subsequent minimization of contamination as design 
criteria: although no major innovations in basic refining technology are anticipated. 
Improvements which can be expected to be implemented in existing refineries are: 
primarily dedicated to better control of refinery processes and other operations: 
elimination of marginal processing operations, and specific substitution of processes 
and/or cooling techniques to reduce discharge loads to waste treatment facilities.  
Examples of the possible changes which may be implemented include:  
1- Substitution of improved catalysts which have higher activity and longer life, 
consequently requiring less regeneration and resulting in lower waste water loads. 
2- Replacement of barometric condensers with surface condensers or air fan coolers, 
reducing a major oil- water emulsion source. As an alternative, several refineries are 
using oily water cooling tower systems, with the barometric condensers, equipped 
with oil separation/emulsion breaking auxiliary equipment.  
3- Substitution of air fan coolers to relieve water cooling duties simultaneously reduces 
blow down discharges.  
4-  Installation of hydrocracking and hydrotreating processes will allow generation of 
lower waste loadings than the units they replace. The rapid pace at which such units 
are being installed is exerting and will continue to exert a strong influence on the 
reduction of waste loadings, particularly sulfides and spent caustics.  
5- Installation of automatic monitoring instrumentation, Such as TOC monitors, will 
allow early detection of process upsets which result in excessive discharges to 
sewers. 
6- Increased use of improved drying, sweetening, and finishing procedure will 
minimize spent caustics and acids, water washes, and filter solids requiring disposal. 
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2.4.1.3 Cooling Towers: 
Cooling towers eliminate large volumes of once through cooling Water by passing 
heated water through heat exchange equipment. By recycling the cooling water many 
times, the amount of water used is greatly reduced. The number of times cooling water 
can be reused is determined: by the Total Dissolved Solids (TDS) content of the water, 
and the effects high dissolved solids have on process equipment. When the TDS becomes 
too high, scaling occurs and heat transfer efficiency decreases. The TDS level in the 
circulating water is controlled by discharging a portion of the steam (blowdown) from the 
system. The higher the allowable TDS level, the greater number of cycles of 
concentration and the less make-up water is required. Installation of cooling towers will 
reduce the amount of water used within the refinery by at least 90 percent.  
There are three types of Cooling towers; wet or evaporative, dry, and combined "wet-
dry". 
 2.4.1.3.1 Evaporative cooling systems: 
 Transport heat by transfer of the latent heat of vaporization. This results in a 
temperature decrease of circulating water and a temperature and humidity increase of 
cooling air. 
 Spray ponds are an evaporative cooling system using natural air currents and forced 
water movement. Because of their inefficiency, spray ponds are used less in industry than 
cooling towers. Cooling towers have a higher efficiency because they provide more 
intimate contact between the air and water. As the water falls over the packing, it exposes 
a large contact surface area. As the water heats up the air, the air can absorb more water. 
The more water evaporated, the more heat is transferred. Because an evaporative cooling 
tower is dependent on ambient temperatures and humidity, its performance is variable 
throughout the year. There are three types of evaporative cooling towers: mechanical 
draft towers: atmospheric towers, which use wind or natural air currents: and natural draft 
towers, which use tall stacks to move air by stack effect .most refineries use mechanical 
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draft towers, which have baffles ,called drift eliminators, to separate entrained water from 
the air system ,thus reducing the amount of water carried into air, the evaporative system 
is the least costly of all cooling towers.   
2.4.1.3 .2 Dry cooling systems:  
There are two types of dry air cooling systems. Either system can be used with 
either mechanical or natural draft cooling towers. Most refineries use mechanical draft 
towers on indirect condensing systems. The tubes used in dry cooling equipment have 
circumferential fins to increase the heat transfer area. Most tube designs have an outside 
to inside surface area ratio of 20:1. The advantage of the dry air system is that it requires 
no makeup water and there is no water entrainment. Dry air cooling systems are being 
increasingly used to reduce the amount of water discharged to the waste water treatment 
plant. A disadvantage of the dry cooling process is that it has low rates of heat transfer 
requiring large amounts of land and uses more power than other cooling systems. The dry 
cooling tower is also more expensive to install than evaporative systems.  
2.4.1.3 .3 Wet-dry systems:  
The wet-dry systems use an evaporative and non-evaporative cooling tower in 
either series or parallel, each of which can be operated with a mechanical or natural draft 
tower. The series design has the evaporative cooling process proceeding the dry process 
with respect to the air flow. This lowers the temperature of the air entering the dry 
process which would mean a smaller unit could be used. The problem with this method is 
that solids are deposited in the dry tower due to drift from the wet section. The parallel 
process uses a dry cooling tower upstream of the wet section, each of which has its own 
air supply. The two air streams are mixed and discharged, reducing the vapor plume.  
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2.4.1.4 Recycle/Reuse Practices:  
Recycle/reuse can be accomplished either by return of the waste water to its 
original use, or by using it to satisfy a lower quality demand. The recycle/reuse practices 
within the refining industry are extremely varied and only a few examples are described 
briefly below:  
1- Reduction of once-through cooling water results in tremendously decreased total 
effluents. 
  2- Sour water stripper bottoms are being used in several refineries as make-up water for 
crude desalter operations. These sour water bottoms are initially recovered from 
overhead accumulators on the catalytic cracking units. 
  3- Regeneration of contact process steam from contaminated condensate will reduce the 
contact process waste water to a small amount of blow down. This scheme can be used 
to regenerate steam in distillation towers or dilution steam stripping in pyrolysis 
furnaces. 
  4- Reuse of waste water treatment plant effluent as cooling water, as scrubber water, or 
as plant make-up water, reduces total make-up requirements. 
  5- Cooling tower blow downs are frequently reused as seal water on high temperature 
pump service, where mechanical seals are not practicable. 
  6-Storm water retention ponds are frequently used as a source of fire water or other low 
quality service waters. 
Many other conservation methods can be implemented, such as the use of stripped sour 
water as Low Pressure (LP) boiler make-up, and LP boiler blow down as make-up water 
for crude desalting.  
However, these, and the other possible recycle/reuse cases outlined above must be 
examined by the individual refinery in light of its possible advantages /disadvantages, 
insofar as product quality or refining process capabilities are affected. For example, one 
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refinery has reported that reuse of sour water stripper bottoms for desalting resulted in 
desalted crude which was difficult to process downstream.  
2.4.2 At-Source Pretreatment:  
Major at-source pretreatment processes which are applicable to individual process 
effluents or groups of effluents within a refinery are stripping of sour waters, 
neutralization and oxidation of spent caustics, ballast water separation, and slop oil 
recovery. The particular areas of application of these processes are discussed below.  
2.4.2.1 Sour Water Stripping:  
Sour or acid waters are produced in a refinery when steam is used as a stripping 
medium in the various cracking processes. The hydrogen sulfide, ammonia and phenols 
distribute themselves between the water and hydrocarbon phases in the condensate. The 
concentrations of these pollutants in the water vary widely depending on crude sources 
and processing involved.  
     The purpose of the treatment of sour water is to remove sulfides (as hydrogen sulfide, 
ammonium sulfide, and polysulfides) before the waste enters the sewer. The sour water 
can be treated by: stripping with steam or flue gas; air oxidation to convert hydrogen 
sulfide to thiosulfates: or vaporization and incineration.        
     Sour water strippers are designed primarily for the removal of sulfides and can be 
expected to achieve 85-99 percent removal. If acid is not required -to enhance sulfide 
stripping, ammonia will also be stripped with the percentage varying widely with 
stripping temperature and pH. If acid is added to the waste water, essentially none of the 
ammonia will be removed. Thus, ammonia removals in sour water strippers vary from 0 
to 99 percent. Depending upon such conditions as waste water pH, temperature, and 
contaminant partial pressure: phenols and cyanides can also be stripped with removal as 
high is 30 percent. The bottoms from the stripper usually go to the desalter where most of 
the phenols are extracted and the waste water can be sent to the regular process water 
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treating plant. COD and BOD5 are reduced because of the stripping out of phenol and 
oxidizable sulfur compounds. 
      The heated sour water is stripped with steam or flue gas in a single stage packed or 
plate-type column. Two-stage units are also being installed to enhance the separate 
recovery of sulfide streams and ammonia streams. Hydrogen sulfide released from the 
waste water can be recovered as sulfuric acid or sulfur, or may be burned in a furnace. 
The bottoms have a low enough sulfide concentration to permit discharge into the general 
waste water system for biological treatment. If the waste contains ammonia, it is 
neutralized with acid before steam stripping. The waste liquid passes down the stripping 
column while the stripping gas passes upward. Most refiners now incinerate the sour 
water stripper acid gases without refluxing the stripper. This converts the ammonia to 
nitrogen with possibly traces of nitrogen oxides. Due to the high concentrations of sulfur 
dioxide produced more complex processing will probably be required in the future.  
Several stripping processes are available. These include: Chevron WWT: ammonium 
sulfate production: a dual burner Claus sulfur plant; and the Howe-Baker ammonex 
process. Deep well injection and oxidation to the thiosulfate are also being used, but in 
the future probably won't do a good enough job.               
The Chevron WWT process is basically two stage stripping with ammonia 
purification, so that the hydrogen sulfide and ammonia are separated. The hydrogen 
sulfide would go to a conventional Claus sulfur plant and the ammonia can be used as 
fertilizer.  
Ammonium sulfate can be produced by treating with sulfuric acid but a very dilute 
solution is produced and concentrating it for sale as fertilizer is expensive. Again the 
hydrogen sulfide goes to a conventional Claus sulfur plant.  A dual burner Claus sulfur 
process is generally the answer in new plants, but adding the second burner to an existing 
sulfur plant is difficult. The second burner is required to handle the ammonia. A refluxed 
stripper is required to reduce the water vapor in the hydrogen sulfide-ammonia mixture 
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and the line between the stripper and the Claus Unit must be kept at about 150OF to 
prevent precipitation of ammonium sulfide complexes. Howe-Baker Engineers Inc. of 
Tyler, Texas has developed to the pilot plant stage a process they call "Ammonex". It is a 
solvent extraction process that basically is intended to Complete with the Chevron WWT 
process. No commercial units have been built.  
Another way of treating sour water is to oxidize by aeration. Compressed air is 
injected into the waste followed by sufficient steam to raise the reaction temperature to at 
least 190OF. Reaction pressure of 50-I00 psig is required. Oxidation proceeds rapidly and 
converts practically all the sulfides to thiosulfates and about 10 percent of the thiosulfates 
to sulfates. Air oxidation, however, is much less effective than stripping in regard to 
reduction of the oxygen demand of sour waters, since the remaining thiosulfates can later 
be oxidized to sulfates by aquatic microorganisms. 
The stripping of sour water is normally carried out to remove sulfides and hence, 
the effluent may contain 50-100 ppm of ammonia, or even considerably higher, 
depending on the influent ammonia concentration. Values of ammonia have been 
reported as low as I ppm, but generally the effluent ammonia concentration is held to 
approximately 50 ppm to provide nutrient nitrogen for the refinery biological waste 
treatment system [1]. 
Process Description: 
There are four processing steps in sour water treatment: 
1. Degassing. 
2. Acid gas stripping. 
3. Ammonia stripping. 
4. Ammonia purification and recovery. 
1.  Degassing: 
   The water feed to the plant -from single or multiple sources is combined with a 
recycle stream from the ammonia stripper and is cooled and feed to a degasser where 
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dissolved hydrogen, methane, and other light hydrocarbons are removed. The release of 
acid gas and possible air pollution are minimized. The degassed sour water is pumped to 
a storage tank that serves to dampen flow rate and composition changes. The tank also 
facilities removed of entrained and solids.  
2. Acid Gas Stripping: 
  From the feed tank, the degassed sour water is pumped to the plant, where it is 
heated by feed/bottoms exchange and fed to the acid gas or hydrogen sulfide stripper. 
This stripper is a steam re-boiled distillation column. The Hydrogen Sulfide -which is 
stripped overhead- is of high purity an excellent feed for sulfur recovery units or sulfuric 
acid plants. It contains negligible ammonia, and because the plants feed has been 
degassed- only traces of hydrocarbons. It does contain –how ever- any carbon dioxide 
that is present in the feed. 
3. Ammonia Stripping: 
The Hydrogen Sulfide stripper bottoms stream -containing all the ammonia in the 
feed and some hydrogen sulfide- is fed directly to the ammonia stripper, which is 
refluxed distillation column.  In this column, essentially all ammonia and H2S are 
removed from the water, which leaves as the column bottoms stream. After exchanging 
heat with the hydrogen sulfide stripper feed, this stripped water is cooled and sent off-
plant for re-use or treating. The ammonia and H2S stripped from the water in the 
ammonia stripper are passed through an overhead condenser and partially condensed. 
These three steps above are shown in figure: (2.1) below: 
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Figure (2.1): Sour Water Process 
4. Ammonia stripping (Figure (2.2)): 
The vapor product from the overhead condenser in the ammonia stripping section is 
an ammonia-rich gas which may be handled in a variety of ways: 
• Ammonia Incineration:  
For some plants, actual ammonia recovery may be neither desired nor economical. In 
such cases, the ammonia product may be incinerated, either directly off the reflux drum 
or after being scrubbed with water to reduce the hydrogen sulfide content. 
• Anhydrous Ammonia: 
For production of anhydrous ammonia, the gas is first passed through a two-stage 
scrubbing system to remove hydrogen sulfide. It is then liquefied to produce the 
anhydrous ammonia. 
• Aqueous Ammonia: 
For production of aqueous ammonia, a one-or-two stage scrubbing system may be used to 
remove hydrogen sulfide. The ammonia gas is then dissolved in water to yield the desired 
product grade. 
 Selection of the appropriate ammonia recovery option will be totally dependent on the 
site economics[8]. 
 
Figure (2.2): Ammonia Purification & Recovery  
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2.4.2.2 Spent Caustic Treatment:  
Caustic solutions are widely used in refining. Typical uses are to neutralize and 
extract:  
  a. Acidic materials that may occur naturally in crude oil.  
  b. Acidic reaction products that may be produced by various chemical treating 
processes.  
  c. Acidic materials formed during thermal and catalytic cracking such as hydrogen 
sulfide, phenolics, and organic acids.  
Spent caustic solutions may therefore contain sulfides, mercaptides sulfates, 
sulfonates, phenolates, naphthenates, and other similar organic and inorganic 
compounds.                                                                                                           
At least four companies process these spent caustics to market the phenolics and the 
sodium hyposulfide. However, the market is limited and most of the spent caustics are 
very dilute so the cost of shipping the water makes this operation uneconomical.                           
Some refiners neutralize the caustic with spent sulfuric from other refining 
processes, and charge it to the sour water stripper. This removes the hydrogen sulfide. 
The bottoms from the sour water stripper go to the desalter where the phenolics are 
extracted by the crude oil.                                                            
 Spent caustics usually originate as batch dumps, and the batches may be combined 
and equalized before being treated and/or discharged to the general refinery waste 
waters. Spent caustic solutions can also be treated by neutralization with flue gas. In 
the treatment of spent caustic solutions by flue gas, hydroxides are converted to 
carbonates. Sulfides, mercaptides, phenolates, and other basic salts are converted by 
the flue gas stripping. Phenols can be removed and used as a fuel or can be sold. 
Hydrogen sulfide and mercaptans are usually stripped and burned in a heater. Some 
sulfur is recovered from stripper gases. The treated solution will contain mixtures of 
carbonates, sulfates, sulfites, thiosulfates and some phenolic compounds. Reaction 
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time of 16-24 hours is required for the neutralization of caustic solution with flue gas. 
The oxidation phase of spent caustic treatment is aimed at the sulfide content of these 
wastes and achieves 85-99 percent sulfide removal. In this process, sulfides are 
oxidized primarily to thiosulfates although in some variations there is partial oxidation 
of the sulfur compounds to sulfate. Oxidation processes are not applied to phenolic 
caustics, as phenols inhibit oxidation. It should be noted that those processes which 
oxidize the sulfide only to thiosulfate, satisfy half of the oxygen demand of the sulfur, 
as thiosulfate can be oxidized biologically to sulfate. Neutralization of spent caustics is 
applied to both phenolic and sulfidic caustic streams: the sulfidic caustics are also 
steam stripped, after neutralization, to remove the sulfides. When phenolic spent 
caustics are neutralized, crude acid oils or "crude carbolates" are sprung and thus 
removed from the waste water. The major part of the phenols will appear in the oil 
fraction, but a significant part may remain in the waste water as phenolates.  
Fluid bed incineration is also now being used. This process was developed under an 
EPA demonstration grant  and at least two large units are under construction. Once the 
incinerator is started up, the sludge should provide the necessary heating value to keep 
the system operating. oxidizing fuels may be required when the sludge is burnt, as ash 
remains in the bed of the incinerator. A constant bed level is maintained, so the sand 
bed originally in the incinerator is gradually replaced by the inert sludge ash .The 
gasses pass through a scrubber, so the fines and particulate matter can be recovered. 
The ash and fines can be landfilled. This landfill is cleaner than a sludge landfill, 
because there are no organic materials present to contaminate ground water or run-off.                  
In the past ocean dumping, deep well injection, evaporative lagoons, and simple 
dilution have all been used. These methods will no longer be acceptable.              
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2.4.3 Sewer System Segregation:                                                                              
Waste water quantity is one of the major factors that affect the cost of waste 
treatment facilities most directly, water usage in the petroleum refining industry varies 
from less than 5 gallons of water per barrel of crude charge in the newer refineries to 
higher than 1000 gallons of water per barrel of crude charge in the older refineries. In 
order to provide efficient treatment to the wastes originating within a refinery, it is 
very important that segregation of concentrated waste streams be considered. 
Segregation of waste streams frequently simplifies waste treating problems as well as 
reduces treatment facility costs. Thus, treatment of highly polluted waste streams at the 
source can prevent gross pollution of large volumes of relatively clean waste water. 
Such treatment is often a more economical solution of a problem than would be 
possible if wastes are discharged directly to the refinery sewers. Treatment at the 
source is also helpful in recovering by-products from the wastes which otherwise could 
not be economically recovered when .the wastes are combined. 
 In areas where water supply is limited, reduced water requirements have been 
incorporated into the design and operation, there by reducing total Water usage.    
To minimize the size of the waste water treatment processes it is imperative polluted 
water only be treated. This can be guaranteed by segregating the various sewer 
systems. There should be a sewer carrying process and blowdown waters that are 
treated continuously. A polluted storm water sewer should go to a storage area from 
which it can be gradually discharged to the treatment facilities. A Sewer system 
containing clean storm water can be discharged directly to the receiving water. The 
sanitary system should be treated separately from the process water because of the 
bacteria Present in this stream. Once through cooling water should be kept separate 
because of the large volumes of water involved and the low waste loadings 
encountered. A connection to the treatment plant should be provided in case of oil 
leaks into the system.                                                                                       
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2.4.3.1Storm Water Run off:                                                                                             
  An additional source of pollution from a petroleum refinery area is caused by 
rainfall runoff. Size and age of refinery site, housekeeping, drainage areas, and 
frequency and intensity of rainfall are several of the factors which compound the 
assignment of allowable pollutional values.                                                         
There are several measures that refiners can provide to minimize storm water loads to 
their treatment system after diverting all extraneous drainage around the refinery area. 
The major consideration is a separate storm water sewer and holding system. By 
providing separate collection facilities for storm water runoff, protection is afforded 
the operation of the separator and ancillary treatment systems by controlling the 
hydraulic load to be treated. Comingling of inorganic particles with oily waste water 
often times produces an emulsion which is difficult to break in the oil-water separator.                  
  Design of this facility should be based on the maximum ten-year, twenty-four-hour 
rainfall runoff of the refinery drainage area. Diversion of the collected storm water 
runoff to the oil-water separator facilities can be provided when hydraulic flows return 
to normal operations. In the event of excessive collection due to a high intensity storm, 
diversion facilities should be provided to allow for emergency bypass capability to 
divert the trailing edge of the runoff hydrograph (the leading edge normally contained 
the mass of pollutants in urban runoff investigations). An oil retention baffle and an 
API type overflow weir should be provided to prevent the discharge of free and 
floating oil.                                                                               
An alternate to the separate sewer system would be the provision of a storm surge pond 
that would receive the polluted waters when the flow to the oil-water separator 
exceeded 15 percent of the normal hydraulic flow. During normal periods, the 
collected storm water-refinery water could then be diverted to the oil-water separator 
(provided process flow did not equal or exceed the unit’s hydraulic capacity).                               
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The major cause of pollution by storm water runoff is the lack of housekeeping 
within the refinery confine. Proper procedures should be encouraged to prevent the 
accumulation of materials which contribute to pollution due to rainfall runoff. Some of 
the more common preventive measures are:                                                        
 (I) Provide curbing around process unit pads;                                                                     
 (2) Prevent product sample drainage to sewers:                                                         
 (3) Repair pumps and pipes to prevent oily losses to the surface areas;                                
 (4) Contain spilled oil from turnarounds:                                                                          
 (5) Dike crude and product tank areas and valve precipitation to the storm water    
sewer.                                                                                                                          
 In the event the collected water needs to be released from the storm water detention 
pond due to overflow, samples of the water should be monitored for:                        
 (1) Oil and Grease,                                                                                                             
 (2) Organic analysis such as TOC.  
2.4.3.2 Ballast Water Separation  
Ballast water normally is not discharged directly to the refinery sewer system because the 
intermittent high-volume discharges. The potentially high oil concentrations would upset 
the refinery waste water treatment facilities. Ballast waters may also be treated 
separately, with heating, settling, and at times filtration as the major steps. The settling 
tank can also be provided with a steam coil for heating the tank contents to help break 
emulsions, and an air coil to provide agitation. The recovered oil, which may be 
considerable, is generally sent to the slop oil system.                                                                           
 2.4.3.3 Slop Oil Treatment                                                                                             
Separator skimmings, which are generally referred to as slop oil, require treatment before 
they can be reused, because they contain an excess amount of solids and water. Solids 
and water contents in excess of about 1 percent generally interfere with processing.                
In most cases slop oils are easily treated by heating to 190OF, for 12 to 14 hours. At the 
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end of settling, three definite layers exist: a top layer of clean oil; a middle layer of 
secondary emulsion and a bottom layer of water containing soluble components, 
suspended solids, and oil. In some cases, it is advantageous or even necessary to use acid 
or specific chemical demulsifiers to break slop oil emulsions. The water layer resulting 
from acid and heat treatment has high BOD and COD, but also low pH, and must be 
treated before it can be discharged.                            
Slop oil can also be successfully treated by centrifugation or by precoat filtration using 
diatomaceous earth as the precoat[1] . 
2.4.3.3.1 Removal of water and destruction of petroleum emulsion:-  
Petroleum emulsions are hydrophilic (petroleum-in-water) and hydrophobic 
(water-in-petroleum). The stability of emulsions depends on the presence of emulsifying 
agent (substances soluble in one of the liquids which forms films on droplets and thus 
prevent these from coalescing). Emulsifying agents may also be hydrophilic or 
hydrophobic. Hydrophilic emulsifiers are readily soluble in water and insoluble in 
petroleum. These are sodium salts of naphthenic acids, sulphoacids etc. Hydrophobic 
emulsifying agents are soluble in petroleum but insoluble in water and include 
naphthenate, finely divided clay, metal oxides such as that of Ca, Mg, Fe, and Al, and tar 
asphaltene compounds etc.  
Emulsions may be stable because water droplets and solid particles can store charges of 
static electricity. A hydrophilic emulsion is dissolved in water and settles to the bottom in 
gasoline, while an opposite effect has been observed in case of hydrophobic emulsion. 
Hydrophilic emulsion conduct electric current while hydrophobic emulsions are non-
conductive.  
Crude petroleum containing emulsions can not be processed directly and it is subject 
to demulsification, that is, emulsion is destroyed to separate petroleum from water and 
other impurities. Fresh emulsions are destructed more easily and hence demulsification 
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should be performed as soon as possible. The removal of water from and destruction of 
emulsions, in crude petroleum can be carried out by:-  
a) Mechanical methods.  
b) Thermal methods.  
c) Thermochemical methods.  
d) Electrical methods.  
2.4.3.3.1.1 Procedure to reclaim the dirty oil at the waste water plant:- 
• De emulsifier to enhance the water and oil separating, the existing one now it is a 
water soluble de emulsifier added at the waste oil .manually one shot without mixing 
& retention time. because there a frequent water draining from the pond which is very 
possible that it carry most of the de-emulsifier added  without giving the required 
time to reacts with the emulsion and render waste of chemical only. 
• Mixing the common practice for adding the de-emulsifier  is at the pumps suction 
side to get befit of the high shear rate of the pumps. 
• Heating the de-emulsifier require heating to get distributed through the oil so 
continuous heating required while the oil is filling the tank. On the other hand heating 
it self enhances the oil water separation by lowering the viscosity. There a mean of 
connecting the dewatering oil drums together and circulate the oil inside the two 
drums for missing while the heating is applied through the steam coil at the bottom of 
each.  
• Retention time required retention time is several days ranged from 1 to several 
days. The quantity of the collected oil need to conformed in order not fall short of 
retention time .or else using the first tank for circulation and the other two tank for 
settling in series manner, where the over flow from the first tank go to the second 
one.   
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Fig (2.3): Dewatering scheme option 
2.4.4 End-of-Pipe Control Technology: 
Conventional refinery wastewater technology is mainly concerned with removing 
oil, organics, and suspended solids before discharge .However stringent discharge 
requirements for specific toxic constituents as well as whole –effluent toxicity, specific 
advanced treatment processes are becoming a necessity for many refineries. 
       Conventional refinery wastewater treatment processes can be categorized into: 
primary ,intermediate, secondary and tertiary treatment processes. 
     1-Primary processes include: 
• API separators and parallel or corrugated plate interceptors(CPI) to remove free oil 
     2-Intermediate processes include: 
• dissolved air floatation (DAF) or induced air flotation (IAF) 
• Equalization. 
    3-Secondary processes include: 
      Biological treatment in their different forms or combinations, these can include:- 
• Activated sludge  
• Trickling filters 
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• Aerated lagoons 
• Stabilization 
• Rotating biological contactors(RBC) 
  4-Tertiary treatment processes include: 
• Filtration 
• Granular Activated Carbon (GAC). Activated sludge enhanced with Powdered 
Activated   Carbons (PACT) [7]. 
2.4.4.1Gravity Separation of Oil:                                                                             
Gravity separators remove a majority of the free oil found in refinery waste waters. 
Because of the large amounts of reprocess able oils which can be recovered in the gravity 
separators; these units must be considered an integral part of the refinery processing 
operation and not a waste water treatment process. The functioning of gravity-type 
separators depends upon the difference in specific gravity of oil and water. The gravity-
type separator will not separate substances in solution, nor will it break emulsions. The 
effectiveness of a separator depends upon the temperature of the water, the density and 
size of the oil globules, and the amounts of characteristics of the suspended matter 
present in the waste water. The "Susceptibility To Separation" (STS) test is normally 
used as a guide to determine what portion of the influent to a separator is amenable to 
gravity separation.  
The API separator is the most widely used gravity separator. The basic design is a 
long rectangular basin, with enough detention time for most of the oil to float to the 
surface and be removed. Most API separators are divided into more than one bay to 
maintain laminar flow within the separator, making the separator more effective. API 
separators are usually equipped with scrapers to move the oil to the downstream end of 
the separator where the oil is collected in a slotted pipe or on a drum. On their return to 
the upstream end, the scrapers travel along the bottom moving the solids to a collection 
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trough. Any sludge which settles can be dewatered and either incinerated or disposed of 
as landfill. 
The gravity separator usually consists of a pre-separator (grit chamber) and a main 
separator, usually rectangular in shape [1]. 
 
Fig (2.4): API Separator [11]. 
        Provided with influent and effluent flow distribution and stilling devices and with oil 
skimming and sludge collection equipment. It is essential that the velocity distribution of 
the approach flow be as uniform as possible before reaching the inlet distribution baffle.  
Another type of separator finding increasing employment in refineries is the parallel plate 
separator. The separator chamber is subdivided by parallel plates set at a 45° angle, less 
than 6 inches apart. This increases the collection area while decreasing the overall size of 
the unit. As the water flows through the separator the oil droplets coalesce on the 
underside of the plates and travel upwards where the oil is collected. The parallel plate 
separator can be used as the primary gravity separator, or following an API separator.  
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Fig (2.5): Parallel Plate Separator [11]. 
 
      If the effluent from the gravity separators is not of sufficient quality to insure 
effective treatment before entering the biological or physical-chemical treatment system, 
it must undergo another process to remove oils and solids. Most refineries use either 
clarifiers, dissolved air flotation units or filters to reduce the oil and solids concentration 
.Each of these processes has also been used to treat the effluent from a biological system.  
2.4.4.2 Clarifiers  
       Clarifiers use gravitational sedimentation to remove oil and solids from a waste 
water stream. Often it is necessary to use chemical coagulants such as alum or lime to aid 
the sedimentation process. These clarifiers are usually equipped with a skimmer to 
remove any floating oil. Clarifiers used after a biological system normally do not have 
skimmers as there should be no floating oils at that point. The sludge from the clarifiers is 
usually treated before final disposal.  
2.4.4.2.1 Dissolved air flotation: 
Dissolved Air Flotation (DAF) consists of saturating a portion of the waste water 
feed, or a portion of the feed or recycled effluent from the flotation Unit with air at a 
pressure of 40 to 60 psig. The waste, water or effluent recycle is held at this pressure for 
1-5 minutes in a retention tank and then released at atmospheric pressure to the flotation 
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chamber. The sudden reduction in pressure results in the release of microscopic air 
bubbles which attach themselves to oil and suspended particles in the waste water in the 
flotation chamber. This results in agglomerates which, due to the entrained air, have 
greatly-increased vertical rise rates of about 0.5 to l.0 feet/minute. The floated materials 
rise to the surface to form a froth layer. Specially designed flight scrapers or other 
skimming devices continuously remove the froth. The retention time in the flotation 
chambers is usually about 10-30 minutes. The effectiveness of dissolved air flotation 
depends upon the attachment of bubbles to the suspended oil and other particles which 
are to be removed from the waste stream. The attraction between the air bubble and 
particle is a result of the particle surface and bubble-size distribution.  
    Chemical flocculating agents, such as salts of iron and aluminum, with or without 
organic polyelectrolytes, are often helpful in improving the effectiveness of the air 
flotation process and in obtaining a high degree of clarification.  
    Dissolved air flotation is used by a number of refineries to treat the effluent from the 
oil separator. Dissolved air flotation using flocculating agents is also used to treat oil 
emulsions. The froth skimmed from the flotation tank can be combined with other 
sludges (such as those from a gravity separator) for disposal. The clarified effluent from a 
flotation unit generally receives further treatment in a biological unit, prior to discharge.  
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Plate (2.1): KRC Dissolved Air Flotation 
2.4.4.3 Equalization  
The purpose of equalization is to dampen out surges in flows and loadings. This is 
especially necessary for a biological treatment plant, as high concentrations of certain 
materials will upset or completely kill the bacteria in the treatment plant. By evening out 
the loading on a treatment plant, the equalization step enables the treatment plant to 
operate more effectively and with fewer maintenance problems. Where equalization is 
not present, an accident or spill within the refinery can greatly affect the effluent quality 
or kill the biomass.  
The equalization step usually consists of a large pond that may contain mixers to 
provide better mixing of the wastes. In some refineries the equalization is done in a tank. 
The equalization step can be before or after the gravity separator but is more effective 
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before as it increases the overall efficiency of the separator. However, care must be taken 
to prevent anaerobic decomposition in the equalization facilities 
2.4.4.4 Activated sludge:  
Activated sludge is the most common biological treatment process because of high 
rate and degree of organic stabilization possible. It is widely used in treating refinery 
wastewater. 
     Activated sludge is an aerobic biological treatment process in which high 
concentrations (1500-3000mg/l) of newly grown and recycle microorganisms are 
suspended uniformly throughout a holding tank to which raw wastewaters are added. 
Oxygen is introduced by mechanical aerators, diffused air system, or other means. The 
organic material in the waste are removed by the microbiological growth and stabilized 
by biochemical synthesis and oxidation reaction. The term activated stems from the fact 
that the microbial sludge is a floc that is highly active in adsorbing colloidal and 
suspended waste matter from the aqueous stream. 
    The basic activated sludge system consists of an aeration tank followed by a 
sedimentation tank. The microbial floc removed in the sedimentation tank is recycle to 
the aeration tank to maintain a high concentration of active microorganisms. Although 
the microorganisms remove almost all of the organic matter from the waste being treated, 
much of the converted organic matter remains in the system in the form of microbial 
cells. Because of their oxygen demand, these cells must be removed from the treated 
wastewater before discharge. Thus, final sedimentation and recirculation of biological 
solids are important elements in an activated sludge system. 
Although refinery wastewater are generally highly amenable  to activated sludge 
treatments, the exact treatability of refinery-petrochemical installation is a function of 
many factors such as the classification of the refinery, the type of crude charge, the age of 
the facility and nature of its collection system, the relative effluent volume attributed to 
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utility blowdown ,and the degree of in-plant control . For these reasons, activated sludge 
facilities vary from one installation to another. 
The three basic type of activated sludge system are conventional, contact stabilization 
and extended aeration system. Other type includes high-purity oxygen system and 
sequencing batch reactors, but these are not commonly used in refineries. 
   The conventional activated sludge system allows for absorption, flocculation, and 
synthesis in a single step. It usually employs long, rectangular aeration tanks that 
approximate plug flow conditions, or cross flow aeration tanks that approach complete 
mixing. The oxygen utilization rate is high in the beginning of the aeration tank, but 
decrease with aeration time or distance down the tank. Where complete treatment is 
required, the oxygen utilization rate approaches the endogenous value towards the end of 
the aeration tank. The conventional process can operate over a wide loading range, which 
is limited by flocculation, settling, and separation requirements of microbial flocs. 
The contact stabilization system provides for removal of the organic from the wastewater 
by contact with activated sludge (absorption) and transfer to a separate aeration tank for 
oxidation and synthesis. This process is applicable to waste containing a large proportion 
of BOD in suspended or colloidal form. The influent is first contacted wit the activated 
sludge in an aeration basin for relatively short retention period (15-30minutes). This 
contact basin removes the suspended or colloidal content from the stream by absorption 
on the sludge floc. 
      The mixed liquor flows to settler-thickener where the clarified effluent overflows and 
the thickened sludge flows to stabilization basin. A small part of thickened sludge is 
discarded as waste. The recycle sludge is aerated in the stabilization basin for 1-5 hours. 
During period, the adsorbed organic undergo synthesis and endogenous respiration and 
the sludge become stabilized. This process results in savings in total basin area as only 
the recycle sludge, not the whole waste stream, is subjected to long –time aeration. 
However, if the oxygen demand of the influent is dye mostly to dissolved rather than 
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suspended contaminations, the short retention period in the contact basin may not 
produce a satisfactory effluent. 
 The extended aeration system is one in which the synthesized cells undergo 
autooxidation resulting in a minimum of solids disposal. Extended aeration is reaction –
defined rather than a hydraulically-defined mode and can be designed as a plug flow or a 
complete mix system. Design parameter include a food/microorganism ratio(F/M) of 
0.05-0.15, a sludge age of 15-35 days, and mixed –liquor suspended solids(MLSS) 
concentration of 3000-5000 mg/l. This process has low cell growth rate, low sludge 
yields, and high oxygen requirements compared with the conventional activated sludge 
process. The advantages are high-quality effluent and less sludge production. 
      The design organic load for most activated sludge systems range from0.1 to 1.0 lb 
BOD5/(day)(lb MLSS). Higher loadings can be imposed, but generally at the expense of 
poorer efficiency and higher organic levels in the treated effluent. 
One particularly important parameter for the influent to an activated sludge system in a 
refinery is oil and grease, which can lower folc density to a level where the sludge –
settling properties are destroyed. A study conducted for USEPA indicated that an 
activated sludge system will perform satisfactory with continuous loading of hexane 
extractable of 0.1lb/lb MLSS. It was recommended that the influent to the biological 
system should contain less than 75mg/l hexane extractable and preferably less than 
50mg/l [7]. 
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Fig (2.6): Activated sludge 
Purpose: 
In a sewage (or industrial wastewater) treatment plant, the activated sludge process can 
be used for one or several of the following purpose: 
• Oxidising carbonaceous matter: biological matter.  
• Oxidising nitrogeneous matter: mainly ammonium and nitrogen in biological 
materials.  
• Removing phosphate.  
• Driving off entrained gases carbon dioxide, ammonia, nitrogen, etc.  
• Generating a biological floc that is easy to settle.  
• Generating a liquor low in dissolved or suspended material. 
2.4.4.5 Aerated Lagoon : 
    The aerated lagoon is a smaller, deeper oxidation pond equipped with 
mechanical aerators or diffused air units. The addition of oxygen enables the aerated 
lagoon to have a higher concentration of microbes than the oxidation pond. The 
retention time in aerated lagoons is usually shorter, between 3 and 10 days. Most 
aerated lagoons are operated without final clarification. As a result, biota is discharged 
in the effluent, causing the effluent to have high BOD and solids concentrations. As 
the effluent standards become more strict, final clarification will be increasing in use.  
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Plate (2.2): KRC Aeration pond 
 
2.4.4.6 Oxidation Ponds: 
The oxidation pond is practical where land is plentiful and cheap. An oxidation pond has 
a large surface area and a shallow depth, usually not exceeding 6 feet. These ponds have 
long detention periods from 11 to 110 days.  
  The shallow depth allows the oxidation pond to be operated aerobically without 
mechanical aerators. The algae in the pond produce Oxygen through photosynthesis.  
This oxygen is then used by “the bacteria to oxidize the wastes. Because of the low 
loadings, little biological sludge is produced and the pond is fairly resistant to upsets due 
to Shock loadings, oxidation ponds are usually used as the major treatment process. Some 
refineries use ponds as a -polishing process after other treatment processes  
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2.4.4.7 Trickling Filter : 
A trickling filter is an aerobic biological process. It differs from other processes in 
that the biomass is attached to the bed media, which may be rock, slag, or plastic. The 
filter works by: 
 1) Adsorption of organics by the biological slime.  
2) Diffusion of air into the biomass. 
3) Oxidation of the dissolved organics.  
When the biomass reaches a certain thickness, part of it sloughs off. When the 
filter is used as the major treatment process, a clarifier is used to remove the sloughed 
biomass. The trickling filter can be used either as the complete treatment system or as a 
roughing filter. Most applications in the petroleum industry use it as a roughing device to 
reduce the loading on an activated sludge system.  
2.4.4.8 Bio-Oxidation Tower:  
The bio-oxidation tower uses a cooling tower to transfer oxygen to waste water. 
API has called the bio-oxidation towers a modified activated sludge process, as most of 
the biomass is suspended in the wastewater. Results from refineries indicate it is a 
successful process to treat portions or all of refinery waste water. 
2.4.4.9 Physical-chemical treatment: 
Physical-chemical treatment refers to treatment processes that are non-biological in 
nature. There are two types of physical-chemical processes: those that reduce the volume 
of water to be treated (vapor compression evaporators, reverse osmosis, etc.), and those 
that reduce the concentration of the pollutants (activated carbon).  
         Physical-chemical (P-C) processes require less land than biological processes. P-C 
processes are not as susceptible to upset due to shock loading as are biological processes. 
Another advantage of P-C is that much smaller amounts of sludge are produced.  
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2.4.4.10 Flow Reduction Systems : 
Flow reduction systems produce two effluents, one of relatively pure water and one 
a concentrated brine. The pure water stream can be reused within the refinery resulting in 
a smaller effluent flow. The brine is easier to treat as it is highly concentrated. Both of the 
processes described herein have been demonstrated on small flows only and at present 
the costs involved are extremely high.  
          In the vapor compression evaporator the waste water flows over heat transfer 
surfaces. The steam generated enters a compressor where the temperature is raised to a 
few degrees above the boiling point of the waste water. The compressed steam is used to 
evaporate more waste water while being condensed. The condensed steam is low in 
dissolved solids. The major process costs are the costs of electrical power, which is 
approximately $1.0/1000 gallons of clean water.  
The reverse osmosis process uses high pressures (400-800 psig) to force water 
through a semi-permeable membrane. The membrane allows the water to pass through, 
but contains the other constituents in the waste water. Currently available membranes 
tend to foul and blind, requiring frequent cleaning and replacement. Until this problem is 
corrected, reverse osmosis is not a practicable process. The operating cost for a reverse 
osmosis unit is approximately 20-30$/1000 gallons.  
2.4.4.11 Granular Media Filters: 
There are several types of granular media filters: sand, dual media, and 
multimedia. These filters operate in basically the same way, the only difference being the 
filter media. The sand filter uses relatively uniform grade of sand resting on a coarser 
material. The dual media filter has a course layer of coal above a fine layer of sand. Both 
types of filters have the problem of keeping the fine particles on the bottom. This 
problem is solved by using a third very heavy, very fine material, (usually garnet) 
beneath the coal and sand.  
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As the water passes down through a filter, the suspended matter is caught in the 
pores. When the pressure drop through the filter becomes excessive, the flow through the 
filter is reversed for removal of the collected solids loading. The backwash cycle occurs 
approximately once a day, depending on the loading, and usually lasts for 5-8 minutes. 
Most uses of sand filters have been for removing oil and solids prior to an activated 
carbon unit. There is one refinery that uses a mixed media filter on the effluent from 'a 
biological system. Granular media filters are shown to be capable of consistently 
operated with extremely low TSS and oil effluent discharges, on the order of 5-10 mg/L.  
2.4.4.12 Activated Carbon:                                                                                                   
The activated carbon (AC) process utilizes granular activated carbon to adsorb 
pollutants from waste water. The adsorption is a function "of the molecular size and 
polarity of the adsorbed substance. Activated carbon preferentially adsorbs large organic 
molecules that are non-polar.                                                            
         An AC unit follows a solids removal process, usually a sand filter which prevents 
plugging of the carbon pores. From the filter the water flows to a bank of carbon columns 
arranged in series or parallel. As the water flows through the columns the pollutants are 
adsorbed by the carbon, gradually filling the pores. At intervals, portions of the carbon 
are removed to a "furnace where the adsorbed substances are burnt .off. The regenerated 
carbon is reused in the columns, with some makeup added, because of handling and 
efficiency losses.                                           
Activated carbon processes currently have only limited usage in the refining 
industry. However, there are new installations in the planning construction stages. The 
increasing use of activated carbon has occurred because activated carbon can remove 
organic materials on an economically competitive basis with biological treatment. 
Activated carbon regeneration furnaces have high energy requirements [1]. 
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Table (2.4): Common refinery prevention and control techniques [2]: 
Oil& Grease -oil skimming(API separators) 
-gravity separation(settling tanks and coalescing 
plate separators) 
-dissolved/induced air floatation(DAF/IAF) 
-Biological treatment 
Sulfides -chemical treatment 
-clarification 
Organic 
compounds 
-biological treatment 
-activated carbon adsorption 
-clarification 
Metals and 
solids 
-source reduction 
--gravity separation(settling tanks and coalescing 
plate separators) 
-physical treatment (flocculation) 
-DAF/IAF 
-granular media filtration 
 
 
 
 
 
 
 
Wastewater 
treatment 
Caustics 
&acids 
-neutralization 
-clarification 
2.5 Environmental hazards of petroleum refineries:                         
  Refineries are generally considered a major source of pollutants in areas where 
they are located and are regulated by a number of environmental laws related to air, land 
and water. Some of the regulations that affect the refining industry include the Clean Air 
Act, the Clean Water Act, the Safe Drinking Water Act, CERCLA (i.e. Superfund: 
Comprehensive Environmental Response, Compensation, and Liability Act), Emergency 
Planning and Community Right-to-Know (EPCRA), OSHA (Occupational Safety & 
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Health Administration), TSCA (Toxic Substances Control Act), Oil Pollution Act and 
Spill Prevention Control and Countermeasure Plans.                                                                           
The waste product are normally discarged into the environment leading to 
pollution of air, water and solids the impact of refinery wastes depends on the following 
main factors :                                                                                                   
1- Quantity of wastes being generated.                                                                       
2- Nature or characteristics of the pollutants                                                                  
3- The location of the refinery with respect to residential area and other sensitive 
sites.                                                                                                                               
4- Effectiveness of pollution control in use.                                                              
5- Meteorological condition.                                                                               
 Here is a breakdown of the air, water, and soil hazards posed by refineries:              
2.5.1 Air pollution hazards:                                                                               
Petroleum refineries are a major source of hazardous and toxic air pollutants such 
as BTEX compounds (benzene, toluene, ethylbenzene, and xylene). They are also a 
major source of criteria air pollutants: particulate matter (PM), nitrogen oxides (NOx), 
carbon monoxide (CO), hydrogen sulfide (H2S), and sulfur dioxide (SO2). Refineries 
also release less toxic hydrocarbons such as natural gas (methane) and other light volatile 
fuels and oils. Some of the chemicals released are known or suspected cancer-causing 
agents, responsible for developmental and reproductive problems. They may also 
aggravate certain respiratory conditions such as childhood asthma. Along with the 
possible health effects from exposure to these chemicals, these chemicals may cause 
worry and fear among residents of surrounding communities. Air emissions can come 
from a number of sources within a petroleum refinery including: equipment leaks (from 
valves or other devices); high-temperature combustion processes in the actual burning of 
fuels for electricity generation; the heating of steam and process fluids; and the transfer 
of products. Many thousands of pounds of these pollutants are typically emitted into the 
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environment over the course of a year through normal emissions, fugitive releases, 
accidental releases, or plant upsets. The combination of volatile hydrocarbons and oxides 
of nitrogen also contribute to ozone formation, one of the most important air pollution 
problems in the United States.                                    
2.5.2 Water pollution hazards:   
  Refineries are also potential major contributors to ground water and surface water 
contamination. Some refineries use deep-injection wells to dispose of wastewater 
generated inside the plants, and some of these wastes end up in aquifers and 
groundwater. These wastes are then regulated under the Safe Drinking Water Act 
(SDWA). Wastewater in refineries may be highly contaminated given the number of 
sources it can come into contact with during the refinery process (such as equipment 
leaks and spills and the desalting of crude oil). This contaminated water may be process 
wastewaters from desalting, water from cooling towers, storm water, distillation, or 
cracking. It may contain oil residuals and many other hazardous wastes. This water is 
recycled through many stages during the refining process and goes through several 
treatment processes, including a wastewater treatment plant, before being released into 
surface waters. The wastes discharged into surface waters are subject to state discharge 
regulations and are regulated under the Clean Water Act (CWA). These discharge 
guidelines limit the amounts of sulfides, ammonia, suspended solids and other 
compounds that may be present in the wastewater. Although these guidelines are in 
place, sometimes significant contamination from past discharges may remain in surface 
water bodies.                                                                                                   
2.5.3 Soil pollution hazards:                                                                       
Contamination of soils from the refining processes is generally a less significant 
problem when compared to contamination of air and water. Past production practices 
may have led to spills on the refinery property that now need to be cleaned up. Natural 
bacteria that may use the petroleum products as food are often effective at cleaning up 
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petroleum spills and leaks compared to many other pollutants. Many residuals are 
produced during the refining processes, and some of them are recycled through other 
stages in the process. Other residuals are collected and disposed of in landfills, or they 
may be recovered by other facilities. Soil contamination including some hazardous 
wastes, spent catalysts or coke dust, tank bottoms, and sludges from the treatment 
processes can occur from leaks as well as accidents or spills on or off site during the 
transport process [3]. 
2.6 Standards for Discharge of Effluent Water : 
Many countries have formulated policies and programs which ensure 
environmental protection without hampering fast economic growth. Environmental 
protection agency (EPA), USA, Occupational Safety and Health Administration (OSHA), 
USA, Environmental Agency, Japan, World Health Organization (WHO), etc are actively 
engaged in framing laws, regulations and suitable recommendation to prevent and control 
the pollution and finally in implementation of the recommendations in their respective 
countries. The tolerance limits as given in the relevant standards for the discharge of 
effluents to various receiving streams are given in Appendix (A.3).  
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Normal process operations 
 Primary Pollutants, dissolved organics, oil 
 
Utility operations 
Primary pollutants, dissolved salts, temperature, cooling tower additives 
 
 
Sanitary sewage  
Primary pollutants, organics ,pathogenic, microorganisms, nutrients  
 
 
Contaminated storm run off   
Primary pollutants, dissolved organic ,oil  
  
Ballast water blowdown  
(as applicable) 
Primary pollutants, dissolved organics, oil and grease 
 
 
Miscellaneous discharges 
Primary pollutants, dissolved organics, oil and grease  
 
Fig (2.7): Components of pollutants by source .these principle pollutants are present in 
waste stream from each refinery operation/source [7]. 
Combined 
Effluent 
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3. Material and Methods 
3.1 Khartoum Refinery : 
3.1.1 General : 
       Khartoum Refinery Company (KRC) limited is a modern refinery, it is a joint 
venture between china and Sudan, investment by China National Petroleum Corporation 
(CNPC) and Ministry of Energy and Mining of Sudan (MEM) on 50%basis, construction 
was completed in January 2000, on may 16th 2000 all units realized once through 
commissioning, and consider may 16th is production day, with capacity 50,000bbl/day. 
      On 2003 MEM and CNPC decided to expand the refinery ,the expansion was done by 
adding a delayed cocking unit also catalytic reforming unit and gasoline ,diesel hydro 
treating unit .the capacity of the refinery was increased to 100,000bbl/day. 
      The refinery is located approximately 70 kilometer north of Khartoum, 12km East 
from the river Nile and 5km East from Khartoum atbra road with an area of 121 fadans, 
which lies on a semi rocky desert land (Gari area),that surrounded by small village with 
small population scattered along the area, the inhabitants mostly are farmers and sheep 
keepers ,some of them have been hired as casual labour in the KRC 
The main production units in the KRC are:-  
    - Crude Distillation Unit (CDU). 
    - Reforming Unit (RFF) 
    - Diesel Hydrotreating Unit (DHT) 
   - The Utilities such as: water system unit, power plant unit and storage tank& tank farm 
(OMS) oil movement system 
   -  Delay Coking Unit (DCU) 
   -  Residual Fluid Catalytic Cracking (RFCC). 
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3.1.2 Waste Water Treatment Unit 
3.1.2.1 Procedure and Process Technique 
The sewage treatment unit of Khartoum Oil Refinery was put into production in 
1999, the designed capacity of the unit is 300 m3/hr, includes alkaline-containing sewage 
40 m3/hr and sulphur-containing sewage 37 m3/hr. The sewage after treatment is 
delivered to oxidation pond outside the plant. Capacity of the oxidation ponds: 650* 650 
*0.5 m. the designed rate of evaporation 17.1 mm/d. 
3.1.2.2 Principle of oil containing: 
Sewage treatment:- 
The volume of oil-containing sewage is 300 m3/hr, which comes mainly from the 
units-table (3.2): Includes the oil-containing sewage from each section. The dehydrated 
water from the dark area, the oil-containing rain water, the overflow from the tank under 
the tower of water recirculation plant and the backwashing water of filter tanks. The 
sewage flows under gravity into the oil-containing sewage bar screen tank, then pumped 
up into the oil-separating tank. The overloaded oil-containing rain water will be sent to 
the oil-containing sewage regulating tank, which may store unacceptable after-treatment 
water besides-regulating the variation of water volume. The oil after oil separation flows 
under gravity into primary air flotation tank, jet pressurizing, dissolved-air reflux air 
flotation is employed for a reflux volume at 36-50%.uses basic Aluminum chloride in 
addition with demulsifying agent it is also be added through dosing pump. 
       To reinforce oil removal, the two stage air flotation output water flows under gravity 
into biochemical treatment section which uses A/O biochemical treatment process for 
serial operations through two stages. Through A/O system treatment organic substances, 
ammonia nitrogen and total nitrogen are removed from sewage and the purpose of 
treating waste water biochemical has been realized. However, to ensure the sewage to 
reach the national standard of emission after treatment, the sewage after sedimentation 
will be delivered into the filtering lift water tank and lifted to the mechanical filter, the 
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water after filtration will be discharged into the monitoring tank. When the sewage after 
treatment has reached the national standard of emission it will be drained directly into the 
oxidation pond outside the sewage form. The unacceptable sewage will be delivered back 
into the regulating tank or aerated tank for retreatment. 
3.1.2.3 Waste oil, greasy filth, scum and activated sludge treatment flow:- 
  In the process of sewage treatment the recovered waste oil is to be pumped into 
waste oil tank for dehydration, the water content of waste oil after dehydration is less 
than 1%. It will then be sent to the waste oil storage tank. 
       The greasy filth, scum and remnant activated sludge generated in sewage treatment 
will be thickened in thickening tank and dehydrated in the centrifugal sludge dehydrator 
and then shipped away. 
      The alkaline containing sewage is to be first stored in the alkaline-containing sewage 
regulating tank and then it goes slowly in the neutralizing tank, where acid to be added 
for neutralization according to PH and then it will be delivered into the oil-containing 
sewage treatment system .Appendix (B.5): flow sheet diagram for wastewater treatment 
unit. 
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Table (3.1): List of equipment and devices: 
list of constructions of sewage farm and water recirculation plant 
NO ITEMS SIZE (m) 
1 Oil –containing sewage bar screen pond 4.5*2*3.75 
2 Oil separating pond 21*4.5*3.3 
3 First stage air flotation pond 22.45*4.5*3.3 
4 Second stage air flotation pond 22.45*4.5*3.3 
5 Anaerobic biochemical pond 45*4.5*5 
6 aerobic biochemical pond 45*4.5*5 
7 Sedimentation pond Φ22*4.85 
8  First flotation reflux pond 5.25*4.25*4.7 
9 Second flotation reflux pond 5.25*4.25*4.7 
10 Monitoring pool 21*12*2.65 
11 Waste oil pond 4.25*4.25*5.7 
12 Greasy filth scum pond 5.25*4.25*5.7 
13 Lift pool 8.2*6*2.8 
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3.1.2.4 Source of waste water associated with various production units in 
the KRC: 
 
Table (3.2): Average flow for waste water entering the wastewater treatment unit:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Unit Oily waste(m3/hour) Domestic 
sewage 
CDU 35 - 
Sour water stripping 91 - 
RFCC 10 - 
SCR 0.8 - 
DHT 10.2 - 
OMS 13 - 
AS&AC 3 - 
PS 8 - 
Jet-fuel -- - 
Cooling tower No flow in normal - - 
DCU 87.125  
CCR  
GDHT 
 
Not known  
New cooling tower No flow in normal  
Total  80 
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 3.1.3 Sour water stripping unit:  
3.1.3.1 Outline of the Unit: 
    The sulfur-containing sour water stripper of Khartoum Refinery is capable of treating 
65 tons of sour water each year. The stripper consists of three parts: the deaeration, 
deposition and deoiling of sulfur-containing sour water; single column stripping 
(ammonia extraction of side line) of sulfur-containing sour water; and ammonia make-up 
3.1.3.2  Production method and process features:  
   After the air of sulfur-containing sour water has been extracted in the raw water 
deaeration tank of the unit, the sour water is to be removed of its oil in the raw water 
deoiling tank and deposited for separation in the raw water tank and then it goes through 
two passages. One passage, for cold feeding, is directed to the top of the sulfur-
containing sour water stripper after cooling. The other passage, for hot feeding, is 
directed to the middle part of the sulfur-containing sour water stripper after many a time 
heat transfer. After sulfur-containing sour water has been stripped by the steam at the 
bottom of the stripper, highly-concentrated sulfureted hydrogen gas is to be separated 
from the top of the stripping column and it will be sent to the torch for burning after 
liquid separation. A highly-concentrated ammonia gas section is formed in the middle 
part of the column. Ammonia-rich gas is extracted from the side line. After three-step 
condensation, it passes through the desulfurizing tank. Ammonia gas of higher 
concentration is obtained after desulfurization. It will be mixed with softening water to 
form ammonia water that is to be output from the unit.  
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Table (3.3): Material balance of the material: 
No. Material t/y 
Input 
1 Raw material sour water 650000 
2 Softening water 9440 
3 Stripping steam 88000 
4 Total 747440 
output 
1 Purified water 741920 
2 Sulfureted hydrogen gas 800 
3 Ammonia water 3520 
4 Loss 1200 
 Total 747440 
3.1.3.2.1 Primary indexes of the products:   
The unit produces three products: purified water, ammonia water and sulfureted hydrogen 
gas, quality indexes of the products:  
  1-Index of purified water  
     The purified water contains  ammonia nitrogen <200ppm sulfur content 50 ppm 
  2-Index of ammonia water  
  The make-up concentration of ammonia water is 18 percent (wt), in which the sulfur   
content is less than 50 ppm.  
  3-Sulfureted hydrogen gas 
    The sulfureted hydrogen gas contains: ammonia nitrogen <2%sulfur content 70% 
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3.2  Methodology:- 
The methodology followed in this research amounts to 
• Field visits and observation.  
• Discussion with refinery personal concerned with wastewater treatment unit. 
• Experiment lab work wastewater analysis. 
3.2.1The experiment lab work includes: 
1- Oil Content. 
2- Phenol Content. 
3- Ammonia Nitrogen. 
4- Sulfide. 
5-Sludge volume (S.V). 
     6- Sludge volume Index (S.V.I). 
7-Dissolved Oxygen (DO). 
8-Ortho-phosphate Content. 
9-Suspended Solid. 
10-Biochemical Oxygen Demand (BOD). 
11-Chemical Oxygen Demand (COD). 
3.3.2.1.1 Oil content: 
 Oil content can be tested by testing aromatic content. To extract oil of industrial 
water by petroleum ether (60-90°C) as solvent, oil content is determined by 
measurement of the absorbance at 225nm. 
Oil standard sample: 
     Under acid condition, use 30-60°C petroleum ether to leach out the oil 
substance in the water and then dehydrate through anhydrous sodium sulfate. After 
filtering put it on the 80°C water bath to evaporate the most of petroleum ether, 
then put it into a 70°C oven, evaporate all petroleum ether, then the standard oil 
sample is got. 
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Instrument: 
- Ultraviolet spectrophotometer. 
- Separating funnel = 500ml. 
- Funnel diameter is 60mm. 
- Measuring flash. 
 
Plate (3.1): Ultraviolet spectrophotometer 
 
Analysis step: 
Test of water sample: 
1- To get 150-200ml water sample, and put into separating funnel 5ml 1+3 
sulfuric acid solution. 
2- Add 20ml of ether, clean the sampling bottles, measuring cylinders then 
pour into the separating funnel violently shake 2-3 minutes, and 
continuously start up piston to discharge gas, keep still for 2-3 minutes, 
separate layers, put the bottom layer water sample into the original sample 
bottle. 
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3- Put anhydrous Sodium sulfate into a funnel with filtering paper1/3 height, 
such out the filtered object from the petroleum ether and filter it into 50ml 
measuring flask. 
4- Transfer the water sample into the separating funnel again repeat (2) & (3), 
then put 10ml of petroleum ether to clean the funnel and filtering bottle, 
collect the extracting liquid of petroleum ether into one measuring bottle, 
use petroleum ether to dilute it to the graduation shake it to be uniform. 
5- Test the absorbency of the sample in (4). 
Calculate the analysis result.    
Calculate the oil content: 
A= oil content correspondingly to relative absorbency. 
V= volume of water sample ml. 
A= )1.3(..........
200*02.003.7*Re
V
ading −
 
3.3.2.1.2 Hydroxyl Benzene (phenol) content: 
Principle: 
  Distil off sample and separate from disturbance matter and fixed agent by 
distillation. Distilled sample reacts with tetra aminoantipyrine in the medium with 
PH 10±0.2 and existence of Potassium ferri-Cyanide to produce orange antipyrine 
dye. After developing color, test absorbency at wavelength of 510nm with 30mm 
thick cell, expressed in phenol content mg/l. 
Preparation of water without hydroxyl benzene (phenol): 
  Add 0.2g of active Carbon powder which has been activated at 200°C for 30 
minutes after sufficiently shaking up, set for filtering with filter paper of double 
layers and at medium speed. Add Sodium hydroxide and drop Potassium 
permanganate solution to make solution purple, transfer into glass vaporizer for 
distillation to collect distillate service. 
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Instruments: 
- 500ml whole glass vaporizer. 
- Spectrophotometer. 
 
 
Plate (3.2): Ultraviolet spectrophotometer. 
Test steps: 
- Transfer 250ml sample into 500ml glass vaporizer, add several glass balls to 
prevent bumping add several drops of (0.5g/l) methyl orange indicator. 
- Adjust with 1+9 Phosphorous acid solution to pH= 4 (solution indicates 
orange), add 10% Cupper sulfate solution of 5ml. 
- Connect  a condenser and heat for distillation till 225ml distillate is 
produced, then stop heating and cool down, add 25ml distilled water without 
phenol into distillation flask, then continue to distill till 250ml distillate is 
produced. 
- Take 50ml distillate into a 50ml color comparison tube, add 0.5ml Buffer 
solution with pH= 10.7, shake up at this time pH is about 10±0.2, add 2%4-
amonioantipyrine solution of 1ml shake up, add 8% Potassium ferri-cyanide 
solution of 1ml, shake up sufficiently, settle for 10 minutes. 
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- At wavelength of 510nm with 20nm cell taking blank reagent as reference, 
test the absorbency of the solution. 
- At the same time, take 250ml distilled water without phenol with the same 
test steps for blank test. 
Result expression: 
Phenol content (mg/l) = )2.3(....................11.0*15.196*)(Re
V
adingabsorbance  
V= sample volume in ml. 
3.3.2.1.3 Ammonia Nitrogen: 
Principle: 
 Control the sample pH at the range of 6-7, adds Magnesia to make the sample 
alkalescent. Ammonia which is distilled off is absorbed by boric of receiver. Take 
methyl red-methylene blue as indicator, titrate ammonium of distillate with 
standard acid solution. 
Instrument: 
- Vaporize composed of distillation flask of 500-800ml blow out prevention 
nozzle and vertical condensation tube, the end o condensation tube can be 
connected with a burette with proper length, dip the outlet tip below 2cm of 
absorption liquid level. 
Test steps: 
- Take boric acid (H3PO3) 2% indicator solution 50ml into receiver of vaporizer to 
ensure the outlet of condensation pipes is below boric acid solution level; put 50ml 
of sample into the distillation bottle. Add 3 drops of Bromothymol (Cr7H28O5Br2S) 
(0.5g/l) blue indicator, if any necessary adjust pH to 6.0 (shows yellow)-(7.9 shows 
blue) with 1 mol/l Sodium hydroxide or 1% hydrochloric acid, then add water to 
make the volume of liquid in the distillation flask at about 350ml. add light 
Magnesia (MgO) of 0O25g and a few of explosion proof glass ball into distillation 
flask, connect immediately distillation flask with condensation tube. 
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- Heating vaporizer to make the collecting speed of distillate at about 10ml/mit, 
stop distillation when effluent is about 200ml. 
- Titrate distillate with 0.10mol/l standard hydrochloric acid solution to reach 
purple end point, write down the consumption (V1). 
Blank test: 
 Make blank test according to test steps of sample, but use water 250ml instead of 
sample. 
Result: 
CN = )3.3....(....................1000*01.14**0
21 C
V
VV −  
Where: V0 = sample volume in ml. 
             V1 = volume of standard hydrochloric acid solution consumed for titrating 
sample in ml. 
             V2 = volume of standard hydrochloric acid solution for titrating blank 
sample in ml. 
             C = concentration of standard hydrochloric acid titration solution  
  3.3.2.1.4 Sulfide (Iodimetry Method): 
Principle: 
Sulfide reacts with Zinc acetate to produce settling of white Zinc. Sulfide dissolve 
this settling in acid and let it react with standard Iodine, then use sodium 
hyposulfite to titrate the excessive amount of iodine. 
              Zn+2 + S-2 → ZnS↓ 
              Zn+2 + HS- → ZnS↓ + H 
              H2S + I → 2HI + S 
              Zn+2 + H2S → ZnS↓ + 2H+ 
                     ZnS + H2SO4 → ZnSO4 + H2S 
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               I2 + 2Na2S2O3 → 2NaI + Na2S4O6 
Instruments: 
- Acid burette. 
- Iodine flask. 
- Vacuum pump, Buckner filter. 
- Middle-speed quantitative filter paper. 
Test steps: 
- Pour 10ml of 10% Zinc acetate solution and 5ml of 1mol/l Sodium 
hydroxide solution into a sample-taking bottle of 250ml, take 250ml of 
water sample into this bottle to determine sulfide of water sample. 
- Take 100ml of water sample with immobile liquid, use middle-speed filter 
paper and vacuum. Pump to filter white settling and wash sediment with 
distilled water. Put settling and filter paper into an Iodine flask of 250ml, 
add 50mlof distilled water. Agitate and break up filter paper sufficiently, 
then add 5.0ml of 1+5 sulfuric acid solution as well as 10ml f 0.05mol/l 
Iodine water. Cover with a bottle block immediately and seal with distilled 
water, settle in a dark place for 5 minutes, titrate with 0.05mol/l sodium 
hyposulfite to light yellow, add 1ml of 1% fecula indicator, continue titrating 
till blue disappears completely. 
-  Record consumption V2 (ml) of Sodium hyposulfite, make a blank test in the 
same way. 
Result: 
S-2 (ml/l) = )4.3......(....................1000*16**)21(
V
CVV −  
 Where:    V1 ≡ volume of Sodium hyposulfite standard solution for blank test (ml). 
                V2 ≡ volume of Sodium hyposulfite for titrating water sample (ml). 
 V ≡ volume of water sample (ml). 
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Note: 
       In order to present the volatilization of hydrogen sulfide, immobile liquid 
(10ml of 10% Zinc acetate solution, 5ml of 1mol/l Sodium hydroxide solution are 
used to fix sulfide in water of 250ml)must be added into the sample-taking bottle 
before sample taking. 
3.3.2.1.5 Sludge Volume(S.V): 
Definition: 
 The volume, which is occupied by 100ml sludge mixture through half hour 
sediment, is called sludge volume. 
Instrument: 
- Measuring cylinder = 1000ml. 
Step: 
 - Take sludge from biochemical pool, blend and shake it to be uniform use a 
measuring cylinder to 100ml sample, after half hour sediment record the occupied 
volume (ml).  
Calculation: 
 The formula is as the following: 
Sludge volume % =  
3.3.2.1.6 Sludge Volume Index (S.V.I): 
Step: 
- Weight the dry filter paper (W1). 
- Filtrate the sludge by volume filtration and dry it by put the filtrated sludge 
in oven, then weight the dry sludge (W2). 
Result: 
SVI = )6.3...(....................
12
.
WW
VS
−  
 
 
78 
 
3.3.2.1.7 Dissolved Oxygen (DO) Iodimetric Analysis:                                
Principle: 
     Soluble Oxygen of water sample reacts with Manganous hydroxide or 
Potassium hydroxide (add Sodium hydroxide or Potassium hydroxide into 
Manganese sulfate to get Manganous hydroxide). 
 The produced manganic compound with high valence dissociate out equivalent 
Iodine from Iodide, Sodium thiosulfate titration is used to determine dissociative 
Iodine. 
Instruments: 
- A narrow mouth glass bottle with volume of 250ml-300ml. 
Test step: 
- Collect sample in a narrow mouth bottle, sample should be full in the narrow 
mouth bottle. Add alkaline Potassium iodide-azide reagent of 2ml with 
transfer pipet with thin tip. Add the reagents below sample level, close the 
cover carefully to avoid entrain air bubble. 
-  Reverse the narrow-mouth bottle several times so that the material inside 
the bottle can be mixed up sufficiently. Settle for depositing for at least 5 
minutes, and then reverse the bottles again to ensure uniform mix 
- Ensure that the deposit formed has been settled down to one third of a 
narrow mouth bottle. 
- Slowly add sulfuric acid solution of 1ml (ρ=1.84g/ml) close the cover and 
then shake the bottle so that deposit in the bottle can be dissolved completely 
and Iodine has been distributed uniformly. 
- Transfer all reagent in the narrow-mouth bottle into a conical bottle, titrate it 
with 0.01mol/l sodium thiosulfat standard solution till the solution indicates 
light yellow, then add 1% starch indicator of 1ml, continue to titrate till the 
solution becomes colorless. 
- Record the consumption of Sodium thiosulfate standard solution. 
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Result: 
 For (C): 
         C1 = 2.8*V………………….(3.7.1) 
 For (F): 
         C2 = 3.08*V………………...(3.7.2) 
C1≡ content of soluble Oxygen (mg/l). 
3.3.2.1.8 Determination of Ortho-phosphate Content: 
Ammonium molybdate spectrophotometer 
Principle: 
     Under acid condition, Ortho-phosphate reacts with Ammonium molybdate to 
form yellow phosphomolybdic acid, which is reduced into phosphomolybic blue 
with ascorbic acid, which is measured with spectrophotometer at the maximum 
absorption (wavelength of 710nm). 
 Reaction formula: 
12(NH4)2MoO4 + H2PO4-4 + 24H+ ⎯⎯⎯⎯ →⎯ 644 OHKSbC  (H2PMo12O40)- +24NH4+ + 12H2O 
(H2PMo12O40)
- ⎯⎯⎯ →⎯ 666 OHC  H3PO4.10MoO3Mo2O5 
Instruments: 
- Spectrometer with 1cm thick absorption cell. 
Preparation of sample: 
 Take 250ml sample for lab at site and filter it through middle-speed filter paper, 
then store it in a 500ml beaker for use. 
 Determination of Ortho-phosphate content: 
     Take 10ml test solution from the sample, put it into 50ml volumetric flask, add 
2ml Ammonium molybdate solution (NH4)Mo7O24.4H2O , 30ml ascorbic acid 
solution (C6H8O6) dilute with water complete to 20ml, shake uniformly, keep for 
10 minutes at ambient temperature , then use 1cm absorption cell to measure 
absorbency at 710nm of spectrometer with blank water less reagent for calibration. 
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Results: 
X (mg/l) = )8.3........(....................34.0**260
V
reading  
 V ≡ volume of transferred test solution, expressed in ml. 
 3.3.2.1.9 Determination of Suspended Solid (Weighting Method): 
Principle: 
 Take a proper amount of water and filter it before drying the residue to constant 
weight, which is the content of suspended matter. 
Instruments: 
- Analysis balance: reciprocal sensibility of 0.001mg. 
- Drying box with constant temperature. 
- Dryer. 
- Glass funnel. 
- Measuring bottle: high type. 
- Low-speed filter paper. 
Analysis steps: 
- Fold after paper into across shape, roll into a cylinder and put it into a 
weighting bottle, then take them in an oven of 105 ± 5°C dry to constant 
weight. 
- Take water sample of 100-1000ml with a sampling bottle. 
- Put all of water sample into measuring cylinder and record its volume. 
- Take filter paper, which has constant weight out of the weighting bottle 
and put it into a funnel. Moisture with little amount of water to make it 
attached to the funnel. 
- Filter water sample, then wash the sampling bottle and measuring cylinder 
with   little amount of water, pour wash water into the filter paper for 
filtering, 
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- When there is not obvious, water drips in the funnel, take out filter paper 
carefully and fold before putting into the original weighting bottle, dry to 
constant weight according to the conditions stipulated. 
Calculations of analysis result: 
X = )9.3......(..........1000*1000*)12(
Vw
WW −  
Where; X≡ suspended matter of water sample (mg/l). 
           W1≡ weight of weighting bottle and filter paper in (g). 
           W2 ≡ weight of weighting bottle, filter paper and suspended matter in (g). 
           Vw ≡ volume of water sample in (ml). 
3.3.2.1.10 Biochemical Oxygen Demand (BOD): 
BOD measures the rate of oxygen uptake by micro-organisms in a sample of water 
at a fixed temperature (20°C) and over a given period of time in the dark. It is used 
in water quality management and assessment, ecology and environmental science                        
               The reaction for biochemical oxidation may be written as:                                
    Oxidizable material + bacteria + nutrient + O2 → CO2 + H2O + oxidized 
inorganic such as NO3 or SO4  
Several methods to measure BOD values; e.g: Titration methods, by BOD track 
instrument, and digital respirometer. 
Instruments: 
-Respirometer and incubator. 
-Amber bottles with seal caps. 
-Stopcock grease. 
-Magnetic stirrers. 
Reagents: 
-Lithium hydroxide, or potassium hydroxide pellets. 
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Analysis steps: 
-Adjust the incubator's temperature at 19-21minutes before proceeding. 
-Place a magnetic stirrer in the clean empty bottle. 
-Decide the sample's volume based on the expected BOD from the table blew: 
Measuring range(mg/l) Sample volume(ml) 
0-35 428 
0-350 157 
 
-close the bottle using grease in the cup. 
-put 1-2pellets of the hydroxide in the cup carefully. 
-fasten the screw of the sample bottle's cap. 
Turn the chosen the track on and select BOD range. 
-take the final reading after 120 hours (5 days), and that BOD5  
3.3.2.1.11 Chemical Oxygen Demand (COD)(Titration Method): 
This is the quality of oxygen in mg/l and measure by reducing chemicals such as 
sulfides and nitrites is typified as follows: 
 S-- + 2 O2 → SO4--  
 NO2- + ½ O2 → NO3-  
Instruments: 
-Reflux apparatus. 
-Round bottom flask. 
-500-ml Erlenmeyer 
- Volumetric cylinder. 
- Glass beads. 
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Analysis steps: 
-Place a 20ml sample in the round bottom flask; add 0.4 mercuric sulphate, and 
add 10ml potassium dichromate solution .carefully add 30ml sulphric acid –
silver sulphate solution ,mix after each addition. 
-Add a few clean glass beads to prevent bumping and attack the flask to 
condenser. Reflux the mixture for 2 h Cool, and wash down the condenser with 
approximately 25ml of distilled water 
-Transfer the content to 500-ml Erlenmeyer flask, washing out the reflux flask 4 
to 5 times wit distilled water .Dilute the mixture to approximately 140ml .cool 
and titrate the excess dichromate with ferrous ammonium sulphate solution , 
add 2 or 3 drops of the ferroin  indicator . 
- Take as the end point the sharp color change from blue –green to brown. 
-A blank consisting of 20ml of distilled water instead of the sample, together 
with the reagent, is refluxed and titrated in the same manner. 
Calculation: 
COD mg/l=(A-B)*C*800/sample volume-ml ……………(3.10) 
Where: 
A= Ferrous ammonium sulphate solution used for blank, ml 
B=Ferrous ammonium sulphate solution used for sample, ml 
C=Normality of ferrous ammonium sulphate solution. 
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 4. Results and Discussion: 
4.1Results: 
The results obtained from the analysis which have been already mentioned 
in the last chapter are shown as below: 
4.1.2 Waste water treatment unit : 
Table (4.1): analysis results of waste water sample taken from different places in 
the waste water treatment unit (7/2/2008): 
Waste 
Water 
time Oil 
content
mg/l 
Phenol 
content
mg/l  
COD
mg/l 
pH Ammonia 
nitrogen 
mg/l 
Sulified,
mg/l 
BOD5 
mg/l 
SS 
mg/l 
Total of 
oily 
waste 
Water 
8:00 160.39 53.9 1460 8.82 103.39 0.96   
Oil 
separate 
outlet 
 60.48        
8:00 31.80  1180 8.76 113.76    Outlet of 
floating 
pools 
20:0
0 
41.08  1556 8.76     
Out let 
of 
monitori
ng pond 
 1.6 0.12 161 8.19 74.53 0 13.3 66 
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4.1.2.1 Waste water monitoring (supervision tank): 
Table(4.2):analysis results of waste water sample taken from monitory pond: 
Date Ph Oil.mg/l COD, 
mg/l 
Suspended, 
mg/l 
Sulfide, 
mg/l 
NH3-
N, 
mg/l 
Phenol, 
mg/l 
BOD, 
mg/l 
Feb 1 9.1 2.9 393 40 0.31 165.1 42.0  
Feb 4 9.4 3.7 397 13 0.18 218.5 52.0 49 
Feb 5 9.7 6.7 398 100 0.23 426.5 39.5  
Feb 6 8.6 5.0 150 27 0.15 135.9 36.0  
Feb 7 8.9 3.0 395 66 0.15 163.9 39.5  
Feb 8 8.9 3.7 156 56 0.15 198.9 38.8  
Feb 11 9.9 21.9 787 106 1.05 1039.5 6.5 20 
Feb 12 9.8 141.0 788 130 1.74 822.4 9.7  
time SV MLSS SVI Lens 
check
BOD5 
mg/l 
Dissolve
d 
oxygen,
mg/l 
Ammonia 
nitrogen 
mg/l 
Phos
phors
mg/l 
8:00 98 3.97 246.8
5 
0 72.8 0.42 72.29 1.41 
Out let 
of 
biochemi
cal 
pool(c) 
20:0
0 
92   0  2.02 91.07 0.61 
8:00 98 3.92 250.2
6 
0 77.0 0.43 80.14 0.84 Out let 
of 
biochemi
cal 
pool(f) 
20:0
0 
95   0  0 88.26 0.94 
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Feb 13 7.8 14.7 788 52 0.24 154.1 14.8  
Feb 14 7.9 .64 72 65 0.44 205.9 0.07  
Feb 15 7.5 1.1 118 60 0.095 191.9 0.14  
Feb 18 7.7 4.8 498 140 0.41 135.9 8.50 43 
Feb 19 7.7 4.4 517 167 0.43 98.3 3.75  
Feb 20 7.7 2.1 333 147 0.42 149.9 3.75  
Feb 21 9.1 5.1 940 47 0.12 177.9 42.75  
Feb 22 8.9 5.4 1350 47 0.18 135.9 39.25  
Feb 25 7.9 3.3 1172 37 0.11 107.9 25.75 43 
Feb 26 7.8 0.9 180 40 0.09 135.9 0.08  
Feb 27 7.7 3.0 247 79 0.14 220.0 0.15  
Feb 28 7.7 0.9 135 23 0.06 79.9 0.20  
Monitoring 
time(frequency 
20 20 20 20 20 20 20 4 
On-spec time 11 17 0 13 18 0 5 1 
Off-spec time 9 3 20 7 2 20 15 3 
On-spec 
rate(%) 
55% 85% 0% 65% 90% 0% 25% 25% 
 
 
 
 
 
 
4.1.3 Sour water stripping unit: 
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Table (4.3): analysis results of sour water sample taken from different places in 
sour water stripping unit(7/2/2008): 
item water Before enter the unit  Purified water 
 Oil 
content 
Oil 
content 
Ammonia
nitrogen 
Sulfide 
content 
pH 
value
Ammonia 
nitrogen 
Sulfide 
content 
pH 
value
unit mg/l mg/l mg/l mg/l  mg/l mg/l  
 140.36 242.64 6738.81 3304.00 9.76 286.92 4.24 9.81 
 
Table (4.4): analysis results of sour water sample taken from different places in 
sour water stripping unit (during month): 
item water Before enter the unit  Purified water 
 Oil 
content 
Oil 
content 
Ammonia
nitrogen 
Sulfide 
content 
pH 
value
Ammonia 
nitrogen 
Sulfide 
content 
pH 
value
unit mg/l mg/l mg/l mg/l  mg/l mg/l  
1 246.67 304.51 3740.67 1620.0 9.84 240.97 0.88 8.99 
2 372.96 308.02 4329.09 2328.0 9.95 148.51 5.84 9.06 
3 345.96 332.62 4006.86 2004.0 9.71 211.83 6.48 8.53 
4 163.42 200.46 4006.86 2220.0 9.78 235.37 5.92 8.81 
5 328.62 267.56 3922.80 1620.0 9.55 262.27 4.88 8.51 
6 76.25 136.49 3712.65 2032.0 9.65 232.54 5.36 8.75 
7 108.59 329.82 3628.59 1756.0 9.72 220.80 2.56 7.89 
8 80.47 179.37 3677.00 1812.0 9.80 239.29 3.04 8.34 
9 172.42 523.84 3628.59 2024.0 9.77 218.00 1.84 7.91 
10 108.02 208.90 3670.62 1716.0 9.70 201.74 6.56 7.90 
11 64.25 316.46 38180.27 1336.0 9.71 230.88 2.40 7.76 
12 100.71 265.84 3117.23 1668.0 9.63 235.93 2.72 9.12 
13 116.79 219.45 3334.38 2160.0 9.74 214.63 2.88 8.61 
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14 136.71 187.11 4588.00 2124.0 9.79 260.00 9.95 8.79 
15 130.52 211.71 3978.00 1960.0 9.71 304.30 7.04 9.14 
16 359.46 219.45 4518.23 2508.0 9.89 515.57 9.52 9.61 
17 139.00 192.73 4994.57 3352.0 9.97 332.00 5.28 9.01 
18 158.08 191.33 4938.05 3376.0 9.62 342.96 4.72 8.92 
19 129.4 156.18 3817.73 3228.0 9.89 352.52 3.52 9.17 
20 98.74 277.00 7292.00 4592.0 9.90 350.00 7.52 9.21 
21 129.6 348.80 8258.00 4992.0 9.87 376.00 4.56 9.20 
22 93.96 265.84 7600.43 4512.0 9.90 292.53 5.52 9.16 
23 110.84 289.75 9344.67 4572.0 9.92 330.80 6.48 9.26 
24 194.6 291.05 8216.8 6388.0 9.90 346.00 7.84 9.48 
25 75.41 311.54 8588.13 4652.0 10.00 350.25 0.16 9.45 
26 84.12 189.22 11278.05 5242.0 9.69 705.54 6.96 9.94 
27 241.36 239.83 8209.86 4724.0 10.40 318.31 6.4 9.36 
28 92.00 419.80 6353.54 3788.0 9.96 375.47 10.56 9.3 
29 153.86 331.93 5667.05 3904.0 9.96 516.13 5.20 8.75 
30 111.12 225.00 6031.31 3084.0 9.81 312.70 10.32 9.04 
 
Ave 157.46 264.72 5387.67 3043.13 9.82 309.13 5.43 8.90 
Max 372.96 523.84 11278.05 6388.00 10.40 705.54 10.56 9.94 
Min 64.25 136.49 3117.23 1336.00 9.55 148.51 0.16 7.76 
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Fig (4.1):  ammonia nitrogen concentration before and after sour water stripping 
unit: 
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4.2 Discussion of Results: 
4.2.1 Sour water stripping unit: 
• sour water enter the unit with high concentration of ammonia (6738.8mg/l) 
and leave the unit as a purified water with concentration about (286.92 mg/l) 
but it must be less than 200, since this will effect the biochemical treatment 
unit  
• And enter the unit with concentration of sulfide (3304mg/l) and leave the 
unit as purified water with concentration about (4.24mg/l) which is with in 
the range of permission. 
4.2.2 Waste water treatment unit: 
• The oil content in the effluent is 1.6mg/l which is in the permissible limit 
(10mg/l) that indicate good oil removal by API separator and dissolved air 
floatation.  
• Ammonia nitrogen is one of the major pollutants found in refinery effluents. 
It was found in large concentrations above the permissible limit .the 
observed ammonia is (74.53mg/l) which much higher than (15mg/l ) 
recommended for refinery effluents .the increase in the ammonia 
concentration because of the following reason:- 
         -the concentration of the influent is greater than the unit design limit. 
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Fig (4.2): Concentration of ammonia at inlet of the unit compared with standard 
limit inlet. 
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• Design configuration of the unit  
• The COD value of the effluent discharge did not meet the effluent limitation 
standard ,the observed value of COD is (161mg/l)  which is higher than  
maximum standard limitation(100mg/l) the increasing of the concentration is 
due to  the following reason:- 
 
• The concentration of the influent is greater than the unit design limit. 
• Design configuration of the unit  
  
 
 
 
 
Fig (4.3): COD concentration at inlet of the unit compared with standard inlet 
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• Phenol content in the effluent is 0.12 mg/l which is less than the 
maximum permissible limit (0.5mg/l) , this indication of a good unit 
performance for removal of phenol    
 
 
Fig (4.4): phenol content at inlet of the unit compared with standard inlet 
 
 
 
 
 
 
 
 
 
 
93 
 
5. Conclusions & Recommendations 
5.1 Conclusions: 
• Waste water treatment unit is being operated with a capacity greater than 
design capacity. 
• Oil content, phenol, NH3, enter the unit with very high concentration, above 
the design limit. 
• NH3, PH, COD concentration in the effluent are above the permissible limit 
which is a very  important problems that faces this unit . 
• Oil content , phenol, TSS and BOD concentration in the effluent are within 
the permissible limit. 
• As general the efficiency of the unit is not enough. 
• Disposal of the contaminated oil and ammonia is done in bad ways and 
against environmental laws. 
• Some modifications in the design of waste water treatment process are been 
considered to improve the performance of the unit. 
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5.2 Recommendations: 
• Sell ammonia or as another alternative one can burn it instead of dissolving in 
water and disposal in dumping area .because excessive ammonia has a great 
effect on ground water, soil and aqueous life. 
• Treat contaminated oil it must be treated instead of disposing it in dumping 
area.   
• Control the influent wastewater quality by controlling the wastewater effluent 
from processes units. 
• Use zeolite instead of activated carbon, the results showed that the zeolite 
performed some better in removal of ammonia compounds than activated 
carbons. 
• expand the capacity of the unit  
• implement the recommendation of the study by KRC and Nalco company 
which solve many of the problems as follows: 
• Bar screen: 
? Adopt the typical configuration to have large ,medium ,and fine 
screen (5mm)for floatings removal or having fine one running/rotating 
continuously to prevent solids clogging the screen . 
• Oil water separator API: 
? Dose the flocculants incase of high oil content from the processes 
units, there is a provision that will speed up the oil separation in the 
API thus compensating the need for extra retention time. 
?  Use timer for skimming or skim continuously. 
- Reduce Oil content.  
- Reduce COD. 
- Lower SS. 
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• Dissolved Air Floatation Unit DAF: 
? Rehabilitate the skimmer with installing timer or skim continuously- thin 
sludge blanket-visual inspection. 
? Rehabilitate the pressurized dissolved air system to produce fine bubbles -
lower SS pH adjustment – lower chemical consumption. Apply the 
proposed DAF chemical program. 
• The DAF chemical program:  
? supplement coagulant by flocculants through  metering pump dosing skit 
(preparation ,feeding tanks )interlocked with the influent flow. 
• Equalization tank: 
• Install holding tank with a capacity more than 24hrs: 
? Place right after the DAF unit 
? Homogenize the biological plant feed (DAF outlet, domestic waste, 
RAS, & aerobic recycle). 
? Shave out shock loading. 
? Apply denitrification anaerobic pond must turn into anoxic pond 
• turning into anoxic out-come 
? Reduce COD- heterotrophic bacteria,-3kg organic/kgN. 
? increase alkalinity. because it will destroy the NO3 formed  in the 
aeration tank.  
? increase DO level at the pond outlet,( +2.86kgO2/kgN)  
• GAC /Sand Filter 
? Change the granular activated carbon into sand filter since the latter can 
filter particles with sizes down to 0.45µ diameter : 
? Reduce SS. 
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? Reduce COD because 1gram bacteria entrained equal  one gram COD in 
the effluent. 
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Appendix (A.1): Range of typical properties of crude oil 
 
Sr. No.  Property  Range in values  
1  SP. Gravity at 15
o
C  0.788 to 0.886  
2  Colour  Brown to brownish black/black  
3  S (wt %)  
S (Vol %)  
.13 to 1.9  
.05 to .07  
4  H2S (ppm)  Nil to 200  
5  Pour point (
o
C)  -15 to 30  
6  Flash point (
o
C)  <27 to 15  
7  Kinemetic viscosity  
At 37.8
o
C, (cSt)  
2.02 to 5.9  
8  Wax content (wt%)  6 to 12.5  
9  Water content (vol%) Nil to 1.5  
10  Salt content (wt%)  1.5 to 35  
11  Ash content (wt%)  .004 to .006  
12  Consistency  Fluidity like that of petrol to like that of tar. 
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Appendix (A.2): The tolerance limits as given in the relevant standards for the 
discharge of effluents to various receiving streams: 
Tolerance Limits    
For inland surface  
For 
effluents  
For 
effluents  
For 
effluent  
For 
effluents  
  waters subject to  discharged discharged discharged  discharged 
  pollution  on land for into public into inland  into 
marine  
   irrigation  sewers (IS 
:  
surface  coastal 
areas  
   (IS: 2296– 3306 –  waters  (IS : 7968 
–  
 1974)   1976)    
For 
public  
1974)  
For  General 
limits (IS : 
2490  
Sr. 
No.  
Effluent 
characteristics  
water 
supply 
& for  
irrigation 
(IS : 
2296 – 
1974)  
  (Part I) – 1974),  
  bathing      
  ghats 
(IS :  
    
  2296 –      
  1974)      
1.  2  3  4  5  6  7  8  
1.  TSS, mg/l, Max.  - - - 600  100  100  
2.  Particle size of  
- - - - 
850  3000 
(floatable  
 TSS, micron, Max.       solids) 850  
       (settleable 
solids)  
 
 
100 
 
3.  TDS, mg/l Max,  - 2100  2100  2100  - - 
4.  Temperature, oC,  - - - 45  40  45  
 Max.        
5.  pH  6.0 – 
9.0  
5.5– 9.0  5.5 – 9.0  55 – 9.0  5.5  5.5 – 9.0  
      –   
      9.0   
6.  BOD, mg/l, Max.  3.0  - 500  500  30  100  
7.  COD. mg/l, Max.  
- - - - 
250  250  
8.  Dissolved oxygen,  3.0  - - - - - 
 mg/l, Min.        
9.  Oils and grease,  0.1  - 10  100  10  20  
 mg/l, Max.        
10.  Ammoniacal  - - - 50  50  50  
 nitrogen (as N), mg/l, 
Max.  
      
11.  Free ammonia (as  - - - - - - 
 NH3), mg/l, Max.  
 
      
12.  Nitrates (as NO3),  50  - - - - - 
 mg/l, Max.        
13.  Sulphates (as  - 1000  1000  1000  - - 
 SO4), mg/l, Max.        
14.  Phosphates (as P).  - - - - 15  - 
 mg/l, Max.        
15  Sulphides ( as S),  - - - - 2.0  5  
 mg/l, Max.        
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16  Fluorides (as F), mg/l, 
Max.  
1.5  - - - 2.0  15  
17  Cholorides (as Cl), 
mg/l, Max.  
600  600  600  600  - - 
18.  Cyanides(asCN),mg/l, 
Max.  
0.01  - - 2  0.2  0.2  
19.  Lead (as Pb), mg/l, 
Max.  
0.1  - - 1  0.1  1.0  
20.  Selenium (as Se), 
mg/l, Max.  
0.05  - - - 0.05  0.05  
21.  Zinc (as Zn), mg/l, 
Max.  
- - - 1.5  5  5.0  
22.  Copper (as Cu), mg/l, 
Max.  
- - - 3  3.0  3.0  
23.  Nickel (as Ni), mg/l, 
Max.  
- - - 2  3.0  5.0  
24.  Cadmium (as Cd),  - - - - 2.0  
2.0  
 
 
25.  Hexavalent  0.05  - - 2  0.1  1.0  
 chromium (as Cr6+), 
mg/l, Max.  
      
26.  Mercury (as Hg), 
mg/l, Max.  
- - - - 0.01  0.01  
27.  Arsenic (as As),  0.2  - - - 0.2  0.2  
28.  Sodium (as Na), 
percent, Max.  
- 60  60  60  - - 
29.  
Phenolic compounds 
(as C6H5OH),  
0.005  - - 5  1.0   
30.  Residual chlorine (as 
Cl), mg/l, Max.  
- - - - 1  1  
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Appendix (A.3): Sudanese standard for refinery effluents: 
Physical properties  
-Temperature increase ≤ 2Oc 
-Total dissolved solid(TDS) 30mg/l 
-Total suspended solid(TSS) - 
-pH 6-9 
-Inorganic chemical properties  
-Sulfides 0.5mg/l 
Total Nitrogen(N2) 10mg/l 
Organic chemical properties  
BOD 30mg/l 
COD 150mg/l 
Oils& Grease 10 mg/l 
Phenol 0.5mg/l 
Benzene 0.05mg/l 
Benzola pyrene 0.05mg/l 
Trace element  
Chromium hexarelant 0.1 mg/l 
Total chromium 0.5 mg/l 
Lead 0.1 mg/l 
Cd  
Cu  
 
 
 
 
Appendix (A.4): GB Standard for refinery effluents : 
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Item 
Specification 
GB8978 88  
 Class1 New 
Rev. 
 
Specification   
GB8978 1996  
 Class 1  
Latest Chinese 
Standard 
    Specification 
Latest EU 
Standard 
Specification 
UK Waste 
Water Discharge 
Standard 1984 
pH value 6.0 9.0 6.0 9.0  5.0 9.0 
Oil content mg/L         ≤10 ≤5  ≤10 
COD mg/L       ≤100 ≤60  ≤20 
Sulfide mg/L ≤1.0 ≤1.0  ≤1.0 
Ammonia-nitrogen mg/L    ≤15 ≤15  ≤10 
Phenol mg/L ≤0.5 ≤0.5  ≤1 
SS, mg/L ≤70 ≤70  ≤30 
BOD5 ≤30 ≤20  ≤20 
Phosphate, mg/L ≤0.5 ≤0.5   
 
 
 
 
 
Waste water: 
Appendix (A.5): G.B Standard for sour wastewater treatment unit 
No Sample Items Specification Frequency 
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Oil content mg/L < 800 1/24hr 
Volatilisation 
hydroxybenzene 
(phenol) mg/L 
< 20 1/24hr 
COD mg/L <800 1/24hr 
pH 6—9 1/12hr 
Ammonia nitrogen  
mg/l 
Report 1/24hr 
1 
Total oily 
water inlet 
Sulfide mg/l < 10 1/24hr 
2 
Oil separator 
out let 
Oil content mg/l < 150 1/24hr 
pH 6—9 1/12hr 
COD mg/L < 150 1/12hr 
NH3-N mg/l Report 1/24hr 
3 
Out of floating 
pools 
Oil content mg/l <10 1/12hr 
 
 
SV 
 
 
10—40 
 
 
1/12hr 
MLSS 2—4 1/48hr 
 
 
4 
 
 
Out let of 
biochemical 
pool 
SVI 80—150 2/week 
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Lens check Report 1/12hr 
BOD5 mg/l < 30 1/week 
Dissolved oxygen mg/l Report 1/12hr 
Ammonia nitrogen  
mg/L 
Report 1/12hr 
C 
Phosphate  mg/l Report 1/12hr 
SV 10—40 1/12hr 
MLSS 2—4 1/48hr 
SVI 80-150 2/week 
BOD5 mg/L ≤  30 1/week 
Dissolved oxygen Report 1/12hr 
Lens check Report 1/12hr 
Phosphor  mg/L Report 1/12hr 
5 
Out let of 
biochemical 
pool 
F 
Ammonia nitrogen  
mg/L 
Report 1/12hr 
6 
 
P-3306 
TSS mg/l Report 1/12hr 
 
7 
 
Out let of 
monitoring
 
pH 
 
5 ∼ 8 
 
1/24hr 
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Sour waste water stripping unit: 
Appendix (A.6): GB Standard for sour water stripping unit 
No Sample Items Specification Frequency
1 Water inlet unit Oil content mg/L Report 1/24hr 
Oil content mg/L ≤ 10 1/24hr 
Sulfide mg/L ≤ 0.5 1/24hr 
COD mg/L ≤  100 1/24hr 
BOD5 mg/L ≤  30 1/week 
Volatilization 
hydroxybenzene   
(phenol) mg/L 
≤ 0.5 1/48hr 
Ammonia nitrogen 
mg/L 
                           1/24hr 
 
 
monitoring 
pond 
SS  mg/L ≤70 1/48hr 
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Ammonia nitrogen 
mg/L 
Report 1/24hr 
Sulfide mg/L Report 1/24hr 
pH Report 1/24hr 
Oil content mg/L Report 1/24hr 
Total Fe mg/L Report  1/month 
2 
Raw water inlet 
stripping tower 
Cl -1 mg/L Report  1/month 
3 
Raw Ammonia 
secondary 
depressant gas 
H2S  content ppm Report 
Non-
routine 
4 
Raw ammonia 
third depressant 
gas 
H2S content Report 
Non-
routine 
H2S        ppm > 70 Non-
routine 
5 Over head gas 
Ammonia nitrogen 
mg/L 
< 2 Non-
routine 
 
 
NH3 % (m/m) 
 
Report 
Non-
routine 
 
6 
 
Ex-unit NH3 
S content ppm <50 Non-
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routine 
Ammonia nitrogen 
mg/L 
< 200 1/24hr 
Sulfide ppm < 50 1/24hr 7 
Purified water out 
of unit 
pH Report 1/24hr 
8 Desulfurizing tank H2S content ppm <50 Non-
routine 
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 Appendix (B.1): petroleum refinery processes
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Appendix (B.2): KRC Bar Screen 
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Appendix (B.3): KRC biochemical treatment processes: aerobic &non aerobic ponds 
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Appendix (B.4): KRC wastewater treatment unit 
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Appendix (B.5):  KRC flow sheet diagram for wastewater treatment unit 
 
 
 
 
